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1. 

GEAR CUTTER 

BACKGROUND OF THE INVENTION 

1. Cross Reference to Related Applications 
This invention pertains to new and useful improve 

ments in gear cutting machines and constitutes a con 
tinuation-in-part application of application Ser. No. 
6,226 filed Jan. 24, 1979, now U.S. Pat. No. 4,329,096 
issued May 11, 1982 which disclosure is incorporated by 
reference. 

2. Field of the Invention 
The invention relates to improved gear cutting ma 

chines and the modification of existing gear cutting 
machinery having optimum characteristics of tooth 
angle, face, proper top and bottom lands and spacing to 
yield gears of optimal efficiency, increased strength and 
having reduced operational noise levels for the particu 
lar application and material from which the gear is 
constructed. More particularly, the invention pertains 
to the modification of existing hobs and shaper cutters 
by the replacement of change gears and cams with a 
combination of electronic variable speed motors and an 
electronic control system for controlling the cutter to 
obtain and maintain the proper index, helical angle and 
the number of cutter starts by monitoring and control 
ling the cutter to efficiently cut a variety of gears for 
various applications utilizing a variety of metals from 
which gears may be constructed. 

3. Description of the Prior Art 
The prior art of cutting gears utilizing shaper cutters 

and hobbing machines includes a variety of apparatus 
and methods designed to improve gear cutting in the 
production of gears. One method for increasing the 
accuracy of hobbing machines has been to increase the 
size of the machine bed, the rotary machine table and 
the hob cutter to increase the gear tolerances attainable 
in the hobbing operation. It is well known in the gear 
cutting art that close tolerances including proper tooth 
size, diametral pitch, clearance, depth and backlash 
must all be controlled to not only assure proper meshing 
of gears but also to assure prolonged service life. These 
problems are further compounded in the cutting of 
helical and spur gears and the production of worm gears 
in which a change gear has heretofore been employed in 
the prior art to approach the proper helix angle. In these 
applications, and in other applications, gears are some 
times cut in at least two operations so that after the 
production of a rough gear, the gear is then further 
machined in a second machine for cutting at closer 
tolerances to provide the proper pitch lead and tooth 
profile. Under these procedures, it is possible to cut too 
small a gear or not cut enough material away from the 
gear blank thereby resulting in excessive wear of com 
ponents in the second closer tolerance machine result 
ing in a waste of time, labor and materials. 

It is understood by those skilled in the art that the 
operational reliability, service life and efficiency of 
equipment utilizing gears depends greatly upon the 
precision and the quality of workmanship expended in 
the production of gears. In addition, it is known that 
service life, operational efficiency and the noise level 
and environmental considerations in work places utiliz 
ing machines with transmissions and gears depends 
upon quality, precision, and tolerances of the gears 
produced. Consequently, the production of gears hav 
ing tolerances approaching the calculated theoretical 
values provides a means for the reduction of noise levels 
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2 
from the machinery and for stronger and more durable 
equipment. 
As recognized by those skilled in the art, gear cutting 

is a discontinuous process that subjects cutting ma 
chines to shock resulting in vibrations and a non 
uniform tool wear that has been accommodated in some 
of the prior art hobbing machines by providing a fixed 
amount of hob shift that was dependent on the number 
of revolutions of the cutter or in some machinery by not 
providing cutter shift. In either case the uniform wear 
of the hob depended on the intuitive knowledge of the 
workman as to the amount of the hob travel or in setting 
up the machine as to the condition of the hob in relation 
to the material of the gear blank, size and the type of 
gear being cut. The intermittent machining process 
encountered in hobbing operations in addition to prob 
lems resulting from backlash and shock loads and ma 
chine vibrations result in increased random tool wear 
further resulting in the production of gears that do not 
provide the degree of tolerance necessary to optimize 
life and machine efficiency. As a result, imperfect gears 
operate by generating more noise and are subject to 
fatigue, cracking and breaking. 
The prior art has recognized the problems of accu 

racy in cutting gears and has attempted to solve these 
problems by utilizing larger machines having compo 
nents of closer tolerances so that the travel, speed and 
friction imposed on the various components are more 
perfectly controlled to result in the production of more 
perfect gears. In U.S. Pat. No. 2,962, 166, a gear sorting 
device is disclosed for the production of gears. In U.S. 
Pat. No. 2,962, 166, the automatic gaging and sorting of 
the output of the machine tool is provided to alleviate a 
combination of defects such as errors in the axial separa 
tion of the hob and gear blank, worn hob, hob shift or 
other such type of adjustments. Further, it is pointed 
out that random variations may indicate a hobbing ad 
justment even though the hob is sharp and the axial 
separations are substantially correct. As a result, in U.S. 
Pat. No. 2,962, 166, the adjustments to the hobbing ma 
chine are made only after a number of gears have exhib 
ited the same defect or defects. It is, of course, funda 
mental that making changes in the hobbing machine 
after the production of more than one gear may as a 
result of trial and error result in future gears having 
greater tolerances and preferred configurations. It is, 
however, further apparent that gears already produced 
may either be wasted or require further operations to 
put them into a usable condition. 

In U.S. Pat. No. 3,254,566, an electronically con 
trolled fluid motor powered machine is disclosed 
wherein an electronic computer means responsive to 
the rotation of the hob or cutter provides selective 
control by which preselected values may be correlated 
electronically and transmitted to actuate a lead screw 
and work spindle in response. However, in U.S. Pat. 
No. 3,254,566, the calculations and functions of the 
machine provide computer calculations for the speeds 
and relationships of the various axes involved and there 
after presume hob rotation and efficiency with respect 
thereto. Furthermore, hob shift and hob cutter control, 
which is one of the most important aspects in the pro 
duction of high quality gears, are not suitably con 
trolled. Moreover, U.S. Pat. No. 3,254,566, employs a 
hydraulic motor to provide a variable speed to thereby 
eliminate the traditional change gears. As will be recog 
nized by those having knowledge of hydraulic systems, 
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time lags of a few seconds are inherent in the use of fluid 
activated and controlled systems. As a result, the re 
sponse time of such systems are measured in seconds, 
with the fluid system searching to catch up with the 
computerized system. As a consequence the method of 
hobbing provided in U.S. Pat. No. 3,254,566 does not 
contemplate the relatively instantaneous positive cor 
rection of errors contemplated by the present invention 
or the modification of existing machinery by adding 
electronically controlled and activated variable speed 
motors slaved to the main electrical cutter drive motor. 

In the present invention, the computer correlates and 
improves upon the efficiency of the gear cutting ma 
chine components such as base, bearings, feed compo 
nents and rotational components to improve the quality 
of produced gears. However, improper machine set-up, 
operation and wear of the cutter and gear cutting ma 
chine results in the production of imperfect gears not 
withstanding the theoretical calculations. Many of these 
imperfections can be attributed to the change gears and 
cams employed in prior art gear cutters that were neces 
sary to coordinate index and feed with the main cutter 
drive through cams and change gears which contrib 
uted to backlash and the inaccuracies implicit in the 
machine. As a result, the production of quality gears in 
the prior art has relied primarily upon the intuition of 
the workman cutting the gear to produce a more uni 
form and optimized gear by taking into account cutter 
efficiency, hob shift, rotational speed and the metallur 
gical composition of the gear blank. As a result, many 
prior art gear cutting machines were set up to cut only 
one gear for prolonged periods resulting in the purchase 
of many machines, each set up for a particular gear 
because of the problems involved in setting up and 
controlling gear cutting machinery to obtain reproduc 
ible results and closer tolerances. 

SUMMARY OF THE INVENTION 

The disadvantages and limitations of the prior art 
methods and procedures, including much of the work 
and calculation required for determining the optimum 
conditions for a gear and the labor required in setting 
up, monitoring and attempting to ascertain whether a 
given set of calculations are being translated into a gear 
of optimal characteristics are dispensed with by the 
present invention. 
The present system for the modification of existing 

machinery for cutting gears and control system for 
providing gears of preferred characteristics are pro 
vided for by eliminating the cams and change gears 
from gear cutting machinery and instead attaching elec 
tronically driven and controlled variable speed electric 
motors to the index and feed drives and slaving these 
motors to the main cutter motor. The gear cutting oper 
ation can then be advantageously controlled by using 
the computer to initially calculate the optimal condi 
tions for a given type of gear and then positively con 
trolling the cutting of gear by providing a constant 
monitoring and optimizing of the progress of the cutter 
by modifying such parameters as index drive and feed 
drive in the actual cutting of the gear from the gear 
blank. The variable electronic drives ahd controlled 
gear cutting machines of the invention are capable of 
detecting and positively correcting gear cutting imper 
fections within millionths of a second by varying the 
variable feed and/or index power drives to produce 
gears having tolerances approaching the calculated 
theoretical. 
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4. 
The method and control system of the present inven 

tion is the product of extensive research investigations 
into the control, operation and techniques for optimiz 
ing the parameters necessary to increase productivity 
and quality of gears. The method and control system of 
the present invention monitors the efficiency of the 
cutter in relation to the gear being cut and reduces 
set-up time and error by assuring the feed and index 
drives are positively and properly coordinated with the 
main drive motor which drives the cutter to produce 
the calculated optimized gear. The result of the con 
stant monitoring provides higher quality gears since the 
present control system is designed to monitor and make 
changes if necessary in the index and feed drive rates 
during each rotation of the cutter. 
The present invention is not only applicable to exist 

ing hobbing machines but also to shaper cutters and 
other existing gear cutting machines to provide a higher 
productivity and accuracy of gears cut in accordance 
with the invention. More particularly the advantages of 
the invention results from the utilization of a computer 
to reduce set-up time and to eliminate time consuming 
calculations and allow the utilization of variable speed 
electric motors for feed and index drives that are con 
trolled by the computer in relation to pulses received 
from the main motor driving the cutter which elimi 
nates the search for proper change gears in both hob 
bing machines and shaper cutters and also eliminates the 
cams in the shaper cutter. The present method and 
System of modifying existing gear cutter equipment 
improves the quality of the gears produced, increases 
the life of the cutter and maintains better quality control 
of gears produced, by eliminating human error and 
optimizing and providing the conditions required for 
the production of optimal gears. 
Gear cutting equipment such as hobbing machines, 

shaper cutters and other such gear cutting equipment 
having a main motor for operating a cutter and associ 
ated change gears or cams for actuating feed and index 
drives can be modified in accordance with the present 
invention by attaching variable speed electric motors 
directly to the feed and index drive shafts to eliminate 
the change gears and cams thereby eliminating backlash 
and the inaccuracies and limitations in the machine to 
provide a positive system of controlling the progress of 
the cutting of the gear. A shaft encoder is attached to 
the main cutter motor and cutter pulses are counted and 
fed into the computer which responds to these pulses by 
controlling the variable speed electric motors to control 
feed and index drive. The computer system in response 
to readings from the main cutter motor operates as an 
electronic gearbox to provide a virtually unlimited se 
lection of index and feed rates in response to the opera 
tion of the cutter to insure the production of gears that 
approach the theoretical configuration previously cal 
culated by the computer. 

In modifying existing gear cutting equipment in ac 
cordance with the invention belt drives and pulleys 
along with any hydraulic drives are preferably replaced 
with a more positive drive system using gears or worm 
gears to eliminate errors resulting from belt slippage 
around the pulley or potential problems of lag in hy 
draulic systems. For example, in the standard Model 
140 hobbing machine manufactured by The Cleveland 
Hobbing Machine Company and the Barber Coleman 
Model No. 6 Shaper Cutter the main drive motor pro 
vides drive for the cutter by employing a pulley belt 
combination which is thereafter geared to the feed, 
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index and other optional drives. Such pulley driven 
machines are preferably modified by first replacing the 
pulley drive with gears and then eliminating the geared 
feed, index and other optional drives that were attached 
to the main motor. 
The modification of existing gear cutting machinery 

such as hobbing machines and shaper cutters including 
the addition of encoders and variable speed electric 
motors and their control by the computer is in many 
respects similar. Shaper cutters and hobbing machines 
modified in accordance with the invention utilize the 
main drive motor for driving the cutter and utilize an 
encoder disposed preferably on the main motor shaft to 
provide information to the computer as to the progress 
of the cutter. The main motor in the hobbing machine is 
responsible for the rotation of the hob and in shaper 
cutters the main motor is responsible for the reciprocal 
motion of the cutter, 
The feed and index drives of shaper cutters and hob 

bing machines that were connected to the main motor 
through cams and/or change gears are modified in ac 
cordance with the present invention by attaching vari 
able speed electric motors to the index and feed drive 
shafts along with shaft encoders which are controlled 
by the computer in response to impulses received and 
compared from the encoder associated with the cutter. 
The separate variable speed electric motors can then be 
positively controlled by the computer as gear cutting 
progresses. 
Other drives may similarly be positively controlled 

by the computer on existing machines. The center dis 
tance control for hobbing machines and shaper cutters 
may be similarly controlled by disconnecting any exist 
ing drives from the main motor and replacing them with 
variable speed electric motors and position sensors to 
provide information with which the computer can inde 
pendently control center distance in the cutting of the 
gear. In a preferred embodiment of the invention a rapid 
travel motor is also added to existing gear cutter ma 
chinery to assist in the positioning of the gear blank and 
cutter. The rapid travel motor is similarly controlled by 
the computer and is combined with position sensors or 
alternatively an encoder to provide information to the 
computer as to the position of the cutter and gear blank 
before the engagement of the variable speed electric 
motors responsible for gear blank feed and index drives. 
Some existing gear cutting machines have a control 

for hob shift during the cutting of the gear. Such exist 
ing machines may be further modified to provide addi 
tional advantages by changing the operator controlled 
cutter shift or the prior art forms of automatic cutter 
shift that has heretofore shifted the cutter after a prede 
termined number of gears have been cut or a con 
tinuouse cutter shift to a cutter shift positively con 
trolled by computer. In existing machines having cutter 
shift capabilities the cutter shift drive is directly geared 
to a variable speed electric motor having a position 
sensor to provide information to the computer from 
which the sharpness or cutting efficiency of the cutter 
can be calculated. 
The modification of prior art gear cutting machines 

having cutter shift controls further increases the accu 
racy of gears cut and increases cutter life by providing 
cutter shift based upon the condition of the cutter rather 
than an automatic shift or one based upon the intuition 
of the workman. The computer controlled variable 
speed cutter shift provides uniformity along the cutting 
surface of the cutter and allows the entire cutting area 
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6 
of the cutter to be utilized to provide maximum cutter 
life. In addition, proper cutter shift not only fosters 
proper tooth profile but also assures maximum cutter 
life. 
The proper cutter shift varies with not only the size 

of the cut but also the composition of the gear blank and 
the rate of feed. The method of the present invention 
includes not only the predetermination of the permissi 
ble amount of cutter shift to assure proper gear profile 
but also the monitoring and controlling of the cutter 
shift, rate of feed and in one embodiment the amount of 
power utilized by the cutter in conjunction with the size 
of the cut and composition of the gear blank. These 
inputs in utilizing the method and control system of the 
present invention allow adjustment of the cutter speed 
and feed rates in conjunction with cutter shift to pro 
duce the necessary chip removal to provide gears hav 
ing optimized characteristics approaching the calcu 
lated theoretical. 

In existing gear cutting machines where cutter shift is 
provided the present invention can utilize the computer 
to determine and record the last position of the cutter to 
provide a more uniform use of the cutter surface. The 
proper control of cutter shift allows the change in the 
direction of cutter during operation to complete the 
cutting and start a second complete cutter shift in a 
direction opposite the first travel to provide more uni 
form wear of the cutter and a commensurate uniformity 
of the gears cut. In this manner, cutter shift can be 
continously reversed until the cutter requires resharp 
ening. 
The present method and control system of the inven 

tion transforms existing mechanical gear cutting ma 
chines into a computerized system in which the com 
puter is employed to calculate an optimal gear profile 
and then cut the gear by receiving signals from elec 
tronic readout and measuring devices to control and 
instruct variable speed electrical motors. The state of 
the art system of manually measuring the workpiece 
and manually changing the components of the machine 
to achieve the desired effect during gear cutting opera 
tions is replaced by the computer in combination with 
electronic readout and measuring devices and electri 
cally driven variable speed motors which perform the 
manual operations not only more rapidly but also with 
greater precision. The components utilized in the pres 
ent invention include a computer for feeding informa 
tion into a computer interface for monitoring and con 
trolling measuring devices and indexing mechanisms for 
the control of the variable speed electric motors neces 
sary to translate the calculated optimized gear features 
into gears that can be produced by existing gear cutting 
machines utilizing the method and control system of the 
invention. 
The invention allows set up time to be reduced to 

about 10 minutes. As a result, the utilization of the com 
puter and computer controlled variable speed electric 
motors and sensors combined with existing equipment 
allows one machine to be quickly changed to cut differ 
ent types of gears without going through the calcula 
tions and timely machine set up that has heretofore been 
required. The invention however provides numerous 
advantages in the cutting of the gears since backlash is 
eliminated and the cutting process is positively con 
trolled by the computer to assure that necessary 
changes are made as the gear is being cut to conform the 
gear to the calculated values. 
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Initially, pertinent data such as the number of teeth, 
diametral pitch, pressure angle, helical angle, amount of 
feed, number of passes, machine constant, hob constant, 
etc., are fed into a computer which in turn performs 
calculations to arrive at information to be transferred to 
the computer interface which are optimally connected 
to allow the computer interface to feed information 
back to the computer. The computer may optimally 
include a printout providing an inspection list of items 
to be checked before commencing the actual cutting of 
the gear. Once the gear cutting begins, the actual 
progress of each of the components necessary for the 
production of a gear of high efficiency is constantly 
rechecked by the computer and necessary changes in 
speeds of the feed and index drives are made to provide 
an optimazation of the cutting of the gear. 

In those machines having cutter shift designed in 
accordance with the invention a further variable speed 
electric motor having a power monitor may be geared 
into the hob shift control to provide variable cutter shift 
when a predetermined measurement of power impulses 
on the main drive motor is achieved to indicate a dulling 
of the cutter. In such machines the control system of the 
present invention is designed to take into account the 
condition of the cutter and provide instructions for 
resharpening the cutter at a predetermined cutter dull 
ness by monitoring the amount of power required to cut 
the gear in correlation to the other variable parameters. 
The computer may also include inputs for changes in 
pitch diameter resulting from the resharpening of the 
cutter. With this information in conjunction with the 
center distance between the cutter and gear blank, the 
computer can instruct the computer interface as to how 
far to feed the cutter to obtain the desired gear tooth 
thickness. The control system of the invention can also 
determine how many passes to make and how much 
metal to remove on each pass while determining the 
particular cutter action required to effectuate the de 
sired metal removal. 
A vertical readout system can be provided to provide 

information to the computer as to the location of the top 
and bottom surfaces of the gear blank. From this infor 
mation, the computer can compute the area of space 
required to cut an optimized gear. In conjunction with 
this information, the computer, can calculate the place 
to start the initial cut on the gear blank because the 
additional space for the radius of the cutter has already 
been taken into account. After the first pass, the cutter 
is instructed to retract rapid travel to the beginning of 
the blank for a second pass. The second pass does not 
have to start as far up as the first pass since the require 
ment for the allowance of the radius of the cutter is 
smaller. These passes are repeated until the computer 
detects that the gear produced meets the theoretical 
calculated conditions for the optimal gear. At this point, 
the cutter retracts to the unload position and the process 
begins over again until all the gears desired have been 
produced. Alternatively after the first pass an increased 
productivity may be attained by eliminating the use of 
rapid travel and instructing the computer to switch 
from climb cutting to conventional cutting and/or vice 
versa at the end of each pass to eliminate the loss of 
production time when using rapid travel in conjunction 
with conventional cut only or climb cut only. 
A memory storing device may also be provided so 

that once a gear has been cut the necessary data may be 
stored in the computer according to the part number. 
When a previously cut gear is required to be cut again, 
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8 
the part number can be punched in and the computer 
can be programmed to instruct the operator which 
fixture and cutter are to be used and also print out an 
inspection list. 
The present control system and method may be opti 

mally adapted for the mounting of two cutters to the 
hob head for cutting one or more sets of teeth on the 
gear without changing machines. This operation may be 
utilized, for instance, in cases where there is a need to 
cut more than one set of teeth on the same blank with 
each set of teeth having a different configuration. This 
may be conveniently accomplished in a modification to 
be discussed hereinafter in greater detail to provide a 
multiple set of teeth on a gear blank without having to 
load the blank twice or to recalculate the indexing be 
tween the two sets of gear teeth. This is particularly 
advantageous in situations where each of the sets of 
teeth on the gear blank requires a different cutter. The 
method of cutting gears and control system of the hob 
bing machine may be modified so that the second cutter 
may be placed in the cutting position and the second set 
of teeth cut on the blank automatically. 
The cutter may be mounted on a motor driven ring to 

allow the cutter to be changed automatically to the 
proper angular position. A magnetic readout or measur 
ing device may also be attached to relay information to 
the microprocessor for monitoring and further control 
ling the cutting operation of the hob. Preferably, two 
other magnetic readouts, one to measure the center 
distance between the center of the gear and the center 
of the cutter are utilized along with a measurement of 
the vertical position of the gear blank to feed informa 
tion into the microprocessor to make necessary calcula 
tions during cutting operations. Another method of 
using two or more cutters of different tooth configura 
tion is to mount both of the cutters on the same shaft but 
provide a sufficiently large amount of hob shift travel to 
enable positioning of the desired cutter in the proper 
axial cutting location. 
The present invention transforms existing gear cut 

ting machines into precision gear cutters which posi 
tively control the gear cutting operation by electroni 
cally varying feed and index drives in relation to the 
operation of the cutter. In accordance with the inven 
tion the main motor drives the cutter while the index, 
feed and the other drives are independently controlled 
by the computer to allow the computer to modify these 
variable drives to achieve a predetermined program for 
cutting gears. The precise number of drives that are 
coordinated and modified by the computer depends on 
the prior art gear cutting machine. Generally all such 
prior art machines modified in accordance with the 
present invention have a main cutter drive with feed 
and index controlled by the computer with additional 
drives being optional and dependent on the particular 
prior art machine being modified. 
The computer in monitoring the cutting of the gear 

and changing parameters assures the calculated equa 
tion representing the most efficient gear possible is pro 
vided during cutting operations. Furthermore, by moni 
toring and adjusting feed and index drives the method 
and control system of the present invention assures that 
subsequently produced gears conform with previous 
gears so that a high degree of uniformity and reproduc 
ibility is provided utilizing existing gear cutting machin 
ery. The method of the present invention further con 
templates utilizing each of the drives of prior art gear 
cutting machines and independently controlling and 
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varying these drives in relation to a predetermined pro 
gram for producing gears of an optimal configuration. 
In machines having cutter shift capabilities the inven 
tion contemplates the cataloging of the cutter and cutter 
position with respect to the last gear cut so that the 5 
cutter when placed in the gear cutting machine can be 
placed in an exact axial position with respect to the last 
gear produced to provide a uniform wear on the cutter 
and assist in the production of gears that have uniformly 
been cut utilizing a more uniform cutting element. 
Other advantages of the invention will become appar 

ent to those skilled in the art from the specification in 
conjunction with the appended drawings which illus 
trate further aspects of the novel method of hobbing 
and control system of the invention. 

DESCRIPTION OF THE DRAWINGS 

The invention will be further described in the follow 
ing detailed description of the invention in conjunction 
with the accompanying drawings in which: 

FIG. 1 is a diagrammatic illustration of a hobbing 
machine or the like depicting the application of a com 
puter and control system to the machine in accordance 
with the invention; 
FIG. 2 illustrates a diagrammatic side view of a hob 

bing machine or the like of FIG. 1 illustrating the appli 
cation of a computer and control system for measuring 
gear side faces to prepare gears of a configuration ap 
proaching the calculated optimum: 
FIG. 3 is a diagrammatic layout of a suitable com 

puter control means for controlling one of the rotational 
axes illustrated in FIG. 1: 

FIG. 4 is a flow chart illustrating the rotating axis 
control system and components for the control of one of 
the rotational axes as depicted in FIG. 1; 

FIG. 5 is a flow chart of the interface circuitry of a 
computer system in accordance with the invention; 

FIG. 6 is a diagrammatic layout further illustrating 
one particular format for the interface circuitry of FIG. 
5; 

FIG. 7 is a diagrammatic layout of an optical encoder 
for fixed spread axis reference information; 
FIGS. 8 & 8A represent a flow chart of one form of 

a logic system for hobbing in accordance with the in 
vention; 
FIG. 9 is a perspective view of multiple hob cutters 

mounted on a ring for hobbing in accordance with an 
alternative embodiment of the invention; 

FIG. 10 is a diagrammatic illustration of a shaper 
cutter depicting the application of a computer and con 
trol system to a shaper cutter in accordance with the 
invention; 

FIG. 11 is a diagrammatic illustration of one form of 
a cutter power sensor circuit for monitoring and con 
trolling cutter power in accordance with the invention; 55 
FIG. 12 is a diagrammatic illustration of one form of 

an existing hobbing machine or the like depicting a 
further embodiment of the application of a computer 
and control system to an existing hobbing machine in 
accordance with the invention; 

FIG. 13 is a front elevational view partly in section 
illustrating an addition and disposition of variable speed 
electric motors and encoders in accordance with one 
embodiment of the invention; 
FIG. 14 is a perspective view from the rear of a por 

tion of the hob cutting element of the hobbing machine 
of FIG. 13 illustrating a modification of the hob shift 
mechanism to provide computer controlled hob shift in 
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10 
accordance with a preferred embodiment of the inven 
tion; 
FIG. 15 is a perspective view from the front of an 

other type of an existing hobbing machine partly in 
section illustrating an addition and disposition of vari 
able speed electric motors and encoders to modify the 
hobbing machine in accordance with the invention; 
FIG. 16 is a side elevational view partly in section 

illustrating an arrangement for a disposition of the en 
coder and variable speed electric motors of the hobbing 
machine of FIG. 15; 
FIG. 17 is a perspective view from the front of a 

further type of existing hobbing machine illustrating the 
combination and disposition of variable speed electric 
motors and encoders to modify the hobbing machine in 
accordance with the invention; 
FIG. 18 is a side elevational view partly in section 

illustrating an arrangement and disposition of encoders 
and variable speed electric motors of the modified hob 
bing machine of FIG. 17: 
FIG. 19 is a perspective view from the rear of the 

hobbing machine of FIG. 17 illustrating the main drive 
motor and modification of the hob shift to provide a 
computer controlled hob shift in accordance with a 
preferred embodiment of the invention; 

FIG. 20 is a flow chart illustrating one form of con 
trol for existing hob machines modified in accordance 
with the invention; 
FIG. 21 is a flow chart of the preferred form of pro 

viding computerized control for existing hob machines 
modified in accordance with the invention; 
FIG. 22 is a flow chart of the buffer electronics of 

FIG. 20. 
FIG. 23 is a flow chart illustrating the computer 

interface electronics of FIG. 20; 
FIG. 24 is a flow chart of one form of logic system of 

FIG. 20 for modifying cutting machines in accordance 
with the invention; 
FIG. 25 is a flow chart of a motor control algorithm 

for gear cutting machines in accordance with one em 
bodiment of the invention; 
FIG. 26 is a diagrammatic illustration of a shaper 

cutter depicting the application of a computer and con 
trol system to an existing shaper cutter modified in 
accordance with the invention; 
FIG. 27 is a perspective view from the front of an 

existing shaper cutter illustrating a disposition of vari 
able speed electric motors and encoders in accordance 
with the invention; 
FIG. 28 is a perspective side view of a portion of the 

shaper cutter of FIG. 27 illustrating a disposition of the 
variable speed motors and encoders; and 
FIG. 29 is a flow chart of the preferred form of pro 

viding computerized control for existing shaper cutter 
machines modified in accordance with the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides for the automation of 
gear cutting machines including the modification of 
existing gear cutting machines by employing a com 
puter and computer control of the gear cutting opera 
tion. The computer is utilized to calculate the configu 
ration of the gear and then employed to insure that the 
proper feed, index and cutter combination is employed 
in the gear cutting operation. The computer may also be 
employed to store information as to gears previously 
cut and monitor the condition of the cutting element. 
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The invention in its broadest aspects pertains to the 
computer control of the gear cutting operation by elec 
tronically varying feed and index rates in relation to 
constant cutting element drive or the variation of cutter 
power where feed and index drives are maintained rela 
tively constant. In other embodiments of the invention 
additional drives such as cutter shift and center distance 
may be similarly controlled by the computer during 
gear cutting operation. The manner of controlling the 
various drives with a computer depends on the drives 
built into the machine and whether a new or existing 
gear cutting machine is modified in accordance with the 
invention. 

Existing gear cutters modified in accordance with the 
invention or gear cutters designed utilizing the princi 
ples of the invention eliminate the change gears, cams 
and other elements that connect the main cutter to the 
various drives in a mechanical timed relationship. The 
invention allows the main motor to drive the cutter 
while independent variable speed electric motors con 
trol the individual drives of feed and index. The inde 
pendent control of each of these drives by the computer 
allows them to be varied by the computer as necessary 
as each tooth of the gear is in the process of being cut. 

It will be recognized that gear cutters constructed in 
accordance with the invention may be controlled by 
controlling the feed and index drives in relation to 
pulses received by the computer from the main motor 
or by providing a variable speed electric motor to drive 
the cutter while measuring and varying the power nec 
essary to drive the main motor as described in my par 
ent application Ser. No. 6,226 which will issue as U.S. 
Pat. No. 4,329,096 on May 11, 1982. 
Gear cutting machinery can be modified in accor 

dance with U.S. Pat. No. 4,329,096 but it has been dis 
covered that modification of existing gear cutter ma 
chinery may be more readily and inexpensively accom 
plished by utilizing the original gear cutter motor to 
drive the cutter and removing the mechanically en 
trained drives and replacing them with variable speed 
electric motors that are controlled in response to pulses 
received by the computer from a shaft encoder attached 
to the main cutter motor. As will be appreciated herein 
after the present invention allows the modification of 
various types of gear cutters including hobbing ma 
chines, shaper cutters and other types of gear cutting 
machines that can take advantage of all the features 
present in the existing gear cutting machine. 
The method and control system for cutting gears of 

the present invention in its broadest aspects eliminates 
the time consuming process of tedious calculation and 
machine set up time necessary for determining angles, 
dimensions and the required number of teeth on the 
gears and the traditional cams and change gears in 
shaper cutters and the change gears for hob speed, hob 
feed, hob shift and workpiece feed and index in hobbing 
machines. The traditional change gears are replaced by 
variable speed electric motors and an electric motor 
control system in conjunction with a rotating axis con 
trol for monitoring the cutting action of the cutter. The 
method and control system in hobbing machines pro 
vides a particularly useful system for the production of 
helical gears which are generally more time consuming 
to calculate and cut which in the prior art, at best, have 
generally only approximated the dimensions of the ma 
chine gear since the helical angle obtained on gear cut 
ting machines which heretofore employed change gears 
are generally slightly different than the desired theoreti 
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cal helical angle. This result is inherent in the change 
gears which have an integral number of teeth, that is 
when 48.53 teeth are required to produce an exact heli 
cal angle a change gear utilizing 48 or 49 teeth must be 
employed to approach the theoretical desired gear con 
figuration. 

Furthermore, the physical limitations imposed by the 
size of the gears or the size of space available to mount 
the gears in a machine often make it necessary to recal 
culate the required number of teeth to use smaller gears. 
The cutting of smaller gears increases setup time and 
may decrease the accuracy of the helical angle thereby 
resulting in gears susceptible to breakage, increased 
wear and noise that may be obviated by the utilization 
of the method and control system of the invention for 
controlling the gear cutter and means for monitoring 
the effectiveness and efficiency of the cutter during its 
operation. 

Existing hobbing machines of a variety of configura 
tions may be modified by utilizing the main cutter 
motor to drive the cutter and replacing the mechanical 
linkages for feed and index with variable speed electric 
motors that are controlled by a computer in response to 
pulses received from a cutter shaft encoder which is 
attached to the main cutter motor for purpose of conve 
nience. 

In this embodiment of the invention the computer 
monitors the velocity of the cutter motor and calculates 
the numeric quantities necessary for controlling the 
variable speed index and feed motor velocities. When 
the cutter drive motor uses a larger amount of current 
as detected preferably by a hall effect sensor which 
indicates to the computer the cutter requires sharpening 
and from which information the computer can issue 
instructions to sharpen the hob or where the machine 
includes hob shift an additional drive may be provided 
so that a further variable speed electric motor is acti 
vated to provide hob shift. In the preferred embodiment 
of the invention a center distance control drive is pro 
vided having a variable speed electric motor that can be 
controlled by the computer along with feed and index 
to assist in the efficiency of the cutting operation of the 
Cutter. 

In existing hobbing machines, the advantages of the 
invention are in part a function of the variable speed 
control of the index and workpiece feeds in combina 
tion with a shaft encoder for providing information to 
the computer to positively control the feed and index 
rates in relation to the cutter efficiency. In an alterna 
tive embodiment of the invention a variable speed main 
motor and power measuring device may be employed 
to vary cutter power and/or provide hob shift to move 
the cutter axially several millionths of an inch per revo 
lution so that as the cutter becomes dull a sharp position 
of the cutter is brought into cutting position. The 
amount of the hob cutter in contact with the gear blank 
and resulting hob shift varies with the circumference 
(O.D.) of the gear blank, the number of cutter starts and 
the helical angle of the blank. In the preferred embodi 
ment the helical angle is calculated with other parame 
ters since the smallest cutter length in contact with the 
workpiece takes place on the gear blanks that have the 
smallest outside diameter, a zero helical angle and also 
the fewest number of starts on the hob. 

In the prior art, the hob shift overtravel tripper block 
must be set manually in relation to the length of each 
cutter length. The setting of the hob shift travel limit in 
the prior art has been based upon the intuitive knowl 
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edge of the machine operator or in many cases not set 
up at all so that the center portion of the cutter is gener 
ally preferentially used for the cutting of gear blanks. 
This results in a non-uniform hob wear and the produc 
tion of gears that become of a successively poorer qual 
ity over the life of the hob cutter. 
A significant improvement in the quality of the gear 

and more particularly the gear tooth profile, as well as 
in cutter life, is obtained by utilizing the method of the 
present invention wherein the maximum permissible 
amount of hob shift travel necessary to generate the 
proper gear tooth profile is provided in setting up the 
hob cutter in relation to the gear blank. In utilizing a 
computer in controlling the amount of hob shift, hob 
shift can be calculated and thereafter automatically 
varied in magnitude as required by the material hard 
ness of the gear blank and the size of the teeth to be cut. 
In general, it is desirable to increase the amount of the 
hob shift as the size of the gear tooth increases and as 
the material machinability decreases. The monitoring of 
the efficiency of the hob cutter in relation to the gear 
tooth size and material machinability assures that the 
calculated, theoretical best angles and operation of the 
hob cutter and gear blank feed are provided during the 
cutting of the gear. 
The method of the present invention in maintaining 

the proper amount of hob shift in relation to the gear 
tooth size and machinability of the gear blanks avoids 
excessive wear of the hob and assures that gears pro 
duced have tolerances approaching the theoretically 
calculated values. Optionally, an automatic control 
over the hob shift may be provided to change the direc 
tion of the hob shift during the operation. In this man 
ner, once hob shift has shifted completely in one direc 
tion, the hob can be reversed to provide a second com 
plete cutter shift travel in the direction opposite the first 
travel. The direction of hob shift can furthermore be 
continuously reversed until the cutter needs resharpen 
ing thereby increasing the cutter life and assuring a 
more uniform hob cutter wear by utilizing substantially 
the entire length of the cutter. It will, of course, be 
recognized that hob uniformity results in gears of 
greater uniformity when gear blank feed, cutter angle, 
speed and power are monitored and controlled. 
One embodiment of the prodess of the present inven 

tion further includes the monitoring and recording of 
the power utilized in the operation of the gear cutter in 
conjunction with the gear blank material and the size 
and number of the gear teeth cut on the gear blank. It 
will be recognized that as the cutter becomes dull, it 
takes more power to operate the cutter during gear 
cutting operations. The life of the cutter may be in 
creased and major cutter destruction eliminated by the 
monitoring and recording the power used to cut when 
the cutter is in a new or optimal cutting condition. 
When the cutter becomes too dull as determined by 
power input, the gear cutting machine can be automati 
cally stopped at the end of a cutting pass, and resharp 
ening instructions relayed to the operator. Cutter power 
requirements may be determined by running a sample 
gear with a sharp tool. This data may then be stored in 
the computer for comparison with future gears to be 
cut. In this manner, tolerances can be incorporated in 
the computer based system. In application of the present 
invention to shaper cutters the power required to oper 
ate the variable speed electric motor for providing re 
ciprocal motion to the shaper cutter is measured and 
correlated in conjunction with the other parameters of 
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14 
gear blank feed, size of teeth, helical angle and machin 
ability of the gear blank. Similarly, in the case of the 
hobbing machine the power required to rotate the hob 
cutter is measured and correlated with the aforemen 
tioned parameters including hob shift. 
The monitoring and recording of the amount of cut 

ting power utilized for the gear blank material in con 
junction with the size of the teeth being cut along with 
the monitoring of the cutter rotational angular position 
is controlled within millionths of a second assure the 
most efficient cutting operation of the gear cutter is 
utilized during the gear cutting operation. 

In the same manner the control of the hobbing ma 
chine may be achieved in the alternative embodiment of 
the invention by varying the variable speed, feed and 
index drives in response to measurements of the cutter 
speed velocity inputs received from an encoder 
mounted to the cutter. In most existing hobbing ma 
chines a variable speed electric motor may be attached 
to provide a computer activated center distance control 
in conjunction with the variable speed, index and feed 
drives. At such time as the rates of feed, index and 
center distance control provide an unacceptable rate of 
gear cutting the computer can provide instructions for 
sharpening the hob or provide hob shift if the existing 
machine utilizes this feature. 
Those prior art machines that have hob shift capabili 

ties can be modified in accordance with the invention 
by adding a variable speed electric motor to the hob 
shift device and a position sensor. Hob shift can be 
controlled by the computer in relationship to the pa 
rameters of feed and index in relation to the impulses 
received from the main cutter motor to assist in the 
production of more uniform gears as heretofore de 
scribed and to extend hob cutter life. 
The information as to the dimensions of the cutter 

particularly in the case of the hobbing machine insures 
that the final center distance between the gear and cut 
ter is properly calculated and maintained during gear 
cutting operations. In making short runs, hob cutters are 
generally of different diameter, different length, differ 
ent tooth size, different lead angles so that in cutting 
gear blanks, one or more thread starts may be employed 
on the hob cutter. Likewise, the gear blank metal or 
consistency of the material can also vary. With these 
parameters taken into account, the cutter life and effi 
ciency of the cutter may be materially increased while, 
at the same time, the quality of gears is significantly 
increased by the hobbing machine. This results in not 
only the production of more efficient gears but also 
increased productivity and reduced labor in setting up 
the machine and making the necessary calculations and 
adjustments during the operation of the gear cutting 
machine. 

In a further optional feature of hobbing machines 
constructed in accordance with the invention, the hob 
cutter life may be further improved by recording in the 
computer memory the axial position of the cutter as 
determined by the hob shift at the end of each gear 
cutting in machines having hob shift capability. The 
recording in the memory of the last cutting position of 
the cutter makes it possible to reposition the hob cutter 
in the same position several days or weeks later to uti 
lize the last cutting position of the particular hob cutter. 
In this way, a more efficient gear is produced since the 
wear on the cutter is more uniform which as a result of 
the uniform wear allows the other control parameters 
such as variable hob speed and variable feed drive to 
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more accurately cut gears and more readily compensate 
for reduced cutter efficiency. However, as heretofore 
described, the hob cutter has a threshold at which the 
hob cutter must again be resharpened or replaced at 
which point the computer may be programmed to stop 
the cutting action of the hob and issues instructions to 
the operator to replace or resharpen the hob cutter. 
When the hob cutter is either resharpened or replaced, 
the computer calculates the center distance between the 
gear blank or workpiece and the cutter and directs the 
cutter or workpiece positioning device to move toward 
that center distance in one or more steps. In this man 
ner, the method of the present invention may utilize one 
or more passes in cutting gears to provide gears of vary 
ing quality. Optionally, the method of the present in 
vention may be utilized to calculate the optimum gear 
angles and parameters required to cut a gear in one 
cutting operation. 

It will be recognized by those skilled in the art that 
good surface finishes of high precision in quality gears 
are generally obtained by a shaving operation. The 
present invention dispenses with the need of the shaving 
operation while maintaining the precision and quality of 
the gear in that the machine may be programmed to 
make a final cut of a total depth of several thousandths 
of an inch to provide a gear with a good surface finish. 
The final cut which provides a gear with a high quality 
surface finish can be achieved by directing the com 

Tputer to position the cutter in a stepped motion toward 
the calculated center distance between the cutter and 
the workpiece. Several cutting passes, as well as the 
final size, may be attained without stopping the machine 
as the computer can be programmed to execute these 
cutting position operations. Currently, the final size of 
the first cut of a gear is obtained by making several extra 
cutting passes to avoid excessive cutting and to produce 
too small a gear. This results in current state-of-the-art 
procedures requiring the machine to be stopped be 
tween passes for the operator to make manual measure 
ments to determine the required amount of cutter ad 
vancement for a final cut. 
The present invention may further include monitor 

ing of the axial position of the side faces of the gear in 
relation to the center and outside radius of the hob 
cutter. In the first cutting pass, the workpiece may be 
automatically positioned at a minimum distance above 
or below the cutter center as initial contact between the 
cutter and the workpiece occurs at the outside diameter. 
In this manner, further computer control of the hobbing 
machine may be attained to compute and control and 
vary the width and disposition of the teeth provided on 
the gear blank. 
The computer control system of the invention in 

driving a variable speed motor provides control of the 
cutter's speed to attain the desired surface cutting speed 
to assure the proper amount of chip removal in conjunc 
tion with hob shift and the sharpness of the hob cutter 
and tooth cut size in relation to the material comprising 
the gear blank. 
As will be recognized by those skilled in the art, the 

number of cutting teeth or gashes on the circumference 
of the cutter also influences the amount of material 
being removed per revolution of the hob cutter. The 
blank feed of the gear which is normally determined by 
the feed advance per gear revolution is controlled by 
the computer in accordance with the invention to 
achieve the desired shaving thickness per tooth. Once 
the computer is programmed with the number of teeth 
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per hob circumference, the computer can calculate the 
amount of feed per revolution. Thereafter, the correla 
tion of the cutter speed or power and rotational angular 
position in relation to gear blank feed and index can be 
utilized to vary cutter shift or cutter power or a combi 
nation thereof or gear blank feed and index within mil 
lionth's of a second to assure the calculated gear config 
uration is reproduced in the resulting gear. 
The present invention is applicable to a wide variety 

of gears including worm gears in which a gear face 
length measuring device assists in determining the axial 
position of the hob cutter for the cutting of worm gears. 
The rapid travel of the hobbing machine can be used to 
position the blank against the cutter as required in the 
designed position of the gear center. As such, worm 
gears can be cut with the milling cutter tig make a low 
number of starts. The elimination of change gears sim 
plifies the procedure for milling worm gears because 
the large number of gear starts heretofore required and 
the space availability have been reduced by the utiliza 
tion of a variable speed electric motor coupled with the 
computer which monitors hob efficiency, angle and the 
cutting of the worm on the gear blank. 
Computer and electric control of the hob cutter, 

workpiece rotation, as well as the motion of the work 
piece past the cutter, results in more versatile hobbing 
machines which may be utilized to cut straight side 
teeth by use of milling cutters. Furthermore, application 
of a computer as the integral part of the hobbing ma 
chine allows the calculation of the gear design and a 
verification that the hobbing machine is actually cutting 
the gear as designed is provided by the optical encoder 
and computer interface. In addition, if at any time dur 
ing the cutting of the gear, the design parameters are 
outside the limits set by the computer, the computer can 
be programmed to provide a printout of the deficiency 
and a proposed solution. The program and apparatus of 
the invention may also be designed so that cutting ac 
tion will not again be initiated on the workpiece until an 
overriding button or additional instructions are pro 
grammed back into the computer. 

In many instances, standard gears are utilized in pro 
duction line equipment which do not always require a 
recalculation of their geometrical configuration. In 
addition, orders for such gears do not specify such 
things as tooth thickness or dimensions over pins or 
even outside gear diameter. In the cutting of such teeth 
on a gear, the final size is generally determined by the 
dimension over pins or caliper measurements over sev 
eral teethor.center distance measurement with a master 
gear. In such cases, the present invention may be uti 
lized wherein the circular tooth thickness will be calcu 
lated and printed to determine the cutting position of 
the hob cutter. The program of the computer may con 
veniently be designed to simultaneously calculate the 
distinguishing characteristics and parameters of the 
gear being cut, as well as the mating gear, so that the set 
of the gears can be cut to properly mesh on a given 
center distance. 
The method of cutting gears in the preferred embodi 

ment employs a computer into which certain cutter 
input information is programmed to provide the auto 
matic system of gear cutting. This cutter input informa 
tion may include supplying to the computer the follow 
ing information: 

1. Hob Outside Diameter 
2. Dimension over pin 
3. Pin diameter 
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. Number of gashes 
Hob lead angle 
Hob diametral pitch 
Hob pressure angle 
Hob Tooth Whole Depth 

9. Hob serial number 
10. Hob number of starts 
11. Hob direction of helix 
12. Hob tip radius 
13. Gear material 
14. Desired shaving thickness 
In addition, certain basic parameters as to the specific 

type of gear to be cut are included in the input informa 
tion and may be as follows: 

. Gear number of teeth 
Normal diametral pitch 
Nominal normal pressure angle 
Working pressure angle 
Helix angle 
Direction of helix 

... Outside gear diameter 
Furthermore, information as to the mating gear may 

be programmed into the computer and may include: 
1. Number of teeth in mating gear 
2. Outside diameter 
3. Center distance 

With respect to the information on the mating gear, one 
other characteristic of the mating gear would be re 
quired. This information would be: 
A. Dimension over pins and pin diameter; or 
B. Desired normal tooth thickness; or 
C. Standard tooth thickness. 
From this information, the computer is equipped to 

calculate the preparation of a gear from a gear blank 
and to detect errors in setup. Furthermore, the com 
puter may be programmed to provide a display of possi 
ble errors in setup such as: 

1. Hob cannot be started. Face near tailstock is 
inches too close to tailstock. 

2. Hob cannot be started. Face near spindle is too 
close to spindle. Add-inch spacer. 

3. Resharpen cutter. Cutter is too dull. 
As a result of the computer controlled linear motion 

of the cutter and workpiece, it is possible to start the 
cutting action by cutter infeed, workpiece feed or com 
bination of both. In addition, the rate of feed can also be 
varied. At the end of cutting, it is possible to dwell (no 
workpiece feed) while the cutter is in line with the end 
face of the gear. Shavings that are partially broken by 
the deburring tool can further be broken away by the 
gear cutter. The computer control over the linear mo 
tion of the cutter and workpiece travel makes it possible 
to obtain a coordinated motion that may be utilized in 
cutting a wide variety of gears and providing a number 
of different and involved precision machining of work 
pieces. As a result, the control system of the present 
invention allows: 

1. A variation of the center distance between the 
workpiece and the cutter to provide cutting in both 
directions to produce crown hobbing; 

2. A gradual variation of the center distance between 
the cutter and the workpiece in one direction only to 
produce a tapered gear; and 

3. The movement of the hob cutter in and out in 
conjunction with a tapered hob as the workpiece is fed 
past the cutter to cut bevel gears. 
As will now be recognized by those skilled in the art, 

a high degree of precision and reproducibility may be 
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achieved by utilizing an electrically controlled variable 
speed feed and index drive in combination with a con 
stant speed or the variable hob speed and hob shift and 
the monitoring of index and feed rates in relationship to 
cutter speed or power to achieve the advantages of the 
invention. It will be further recognized that the utiliza 
tion of the electronic drive on the index mechanism 
allows the index mechanisms to be operated while the 
main drive is not operating. This provides a means for a 
better reindexing of a gear that may be subsequently 
returned to the machine in the event further machining 
or finishing is desired. This advantage may also be uti 
lized in the event one face of the cutter leaves a rougher 
surface on one of the gear teeth due to the face angle of 
the gash in relation to the workpiece and the workpiece 
motion which may result in power surges or drops or 
other unusual conditions that might be encountered in 
hobbing operations. This feature of the invention can 
also be used to rotate the gear blank prior to the finish 
ing cut to improve the surface finish. 

It will be further recognized that having the ability to 
electronically rotate the indexing motor allows the op 
erator to inspect the workpiece arbor concentricity 
prior to inserting the gear blank and provides a much 
safer environment as the cutter or other functions will 
not operate. In a mechanical drive the cutter and index 
drive rotate simultaneously. 

In an alternative embodiment, the present invention 
may, with minor modifications, be adapted to bevel 
cutting equipment and shaper cutters. It will be recog 
nized that in shaper cutters, the same aspects of the 
present invention are utilized but in a slightly modified 
form. In hobbing machines gears are cut utilizing a 
rotary motion, while a shaper cutter employs a recipro 
cal motion to provide the cutting action on the work 
piece. As in the case of the hob, the present invention 
contemplates the computer control of variable speed 
electric motors and the measuring and monitoring of 
the power necessary to provide the reciprocal action of 
the shaper cutter. Furthermore, like the hob, the shaper 
cutter employs a similar optical encoder system or posi 
tion sensor for monitoring the position of the. shaper 
cutter and means for measuring the power necessary to 
provide the cutting action of the shaper cutter and cor 
relating the power with variables such as feed, index 
and gear blank material to attain the predetermined gear 
profile. 
The modification of existing shaper cutters in accor 

dance with an alternative embodiment of the invention 
utilizes the main drive motor to provide for the recipro 
cating action of the cutter. Like the modification for 
existing hob equipment the mechanical linkages be 
tween the main motor and the feed and index drives are 
removed and variable speed electric motors with shaft 
encoders are substituted for the mechanical linkages. A 
position sensor or optical encoder is disposed on the 
shaper cutter shaft to provide pulses or information to 
the computer. The computer utilizes this information to 
vary feed and index drive rates. The term feed as used 
with respect to shaper cutters refers to shaper cutter 
feed or cutter indexing and not to in feed which is more 
properly center distance control and will be discussed 
in greater detail hereinafter. 
The computer program for the shaper cutter like the 

program for the modification of existing hobbing ma 
chines varies index (workpiece) and feed drives (cutter 
index) until a predetermined unacceptably high rate of 
power consumption is used as detected by a Hall effect 
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sensor or similar device is achieved at which time in 
structions are issued by the computer to resharpen the 
cutter of the shaper cutter. In such shaper cutters the 
mechanical linkage for providing cutter feed or index 
ing is replaced with a variable speed electronic motor 
for providing variable speed cutter feed or in essence 
changes in feed workpiece index drives in response to 
pulses received from the main motor drive. Shaper 
cutter feed like in hobbing machines is controlled and 
varied by the computer until the combination of feed 
and index rates indicate the cutter needs to be resharp 
ened. 
The shaper cutter in the cutting of spur gears or gears 

with straight teeth employs a reciprocating motion 
along a plane that is parallel with the center line of the 
gear. Indexing for the shaper cutter is provided for in a 
similar manner to the indexing provided for in the oper. 
ation of the hob cutter. As in providing for indexing 
with the hobbing machine, it is necessary to calculate 
the number of teeth on each gear to obtain the proper 
indexing for the shaper cutter. Helical gears may also be 
cut by eliminating the traditional change gears and 
special cams heretofore employed and utilizing and 
correlating the variable speed electric motors for index 
(rotating the gear blank) and rotational drive of the 
shaper cutter as it reciprocates to match the angle of the 
desired helical gear. In the prior art, this action of the 
shaper cutter was achieved by utilizing a special set of 
scams inside the head of the shaper cutter. Each cam had 
-to be precision made having an angle to match the angle 

is of the helical gears being cut. 
... The prior art shaper cutters employed cams that were 
not only expensive but involved considerable machine 
down time when a change in helical angle was required. 
In the prior art utilization of cams in the shaper cutter, 
resulted in the shaper cutter head having to be disassem 
bled to remove one set of cams to replace them with a 
*new set of cams for a different angle. The application of 
'the present invention to shaper cutters therefore not 
*only provides a preferred shaper cutter but also elimi 
nates the significant investment in making the set of 
cams and the tremendous amount of down time that was 
heretofore required in changing the cams for different 
angles. 
The present invention provides not only for the elimi 

nation of the prior art cams but also replaces the change 
gears heretofore utilized by both the hobbing machines 
and shaper cutter to provide a more economical shaper 
cutter by using the novel method and control system for 
gear cutting machines. More particularly, in the appli 
cation of the method of the present invention to shaper 
cutters, one or more sensors are employed to feed infor 
mation into the computer as to the vertical position of 
the cutter to provide information to the computer to 
correlate with the rotational motion of the cutter neces 
sary to generate the desired helical angle, and to move 
back on a reciprocating stroke on the same angle so that 
the cutter can start a new shaving, and a new cut. The 
computerized system of the shaper cutter includes a 
means for correlating the position of the cutter with the 
position of the gear and gives an angular rotation to the 
cutter. The need for specific helix angle cams are elimi 
nated by the use of variable speed electronic drives that 
correlate the cutter's axial position with the helical 
angle position and with the teeth indexing position. In 
order to generate a particular angle of the helical gear, 
the computer controls and correlates the vertical posi 
tion of the cutter and the angular position of the cutter. 
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The angular motion is controlled by the rotation of a 
controlling disk mounted on the cutter support. 
A further modification of the invention allows the 

shaper cutter to cut either spur or helical gears without 
the use of the traditional helical gear mechanisms here 
tofore employed in shaper cutters. This modification 
utilizes a mechanism in the shaper cutter to maintain the 
tooth relationship between the cutter tooth and the 
tooth of the gear. This mechanism can be arranged in 
much the same manner as has been utilized in the hob. 
One such means contemplates the control of one of the 
members such as the workpiece or the cutter by the 
computer based upon inputs from the sensor. The other 
member (either cutter or workpiece) would be driven to 
obtain indexing to a tolerance sufficient to provide the 
tolerance required in the gear cutting art. A second set 
of indexing mechanisms may be employed in order to 
generate only the helical angle in a similar way to the 
cams now being used, only this would be a computer 
controlled motion and would be achieved by utilizing 
electronically driven variable speed motors. In this 
embodiment, a vertical readout device or optical en 
coder similar to the one described with reference to the 
hobbing machine senses the vertical position of the 
cutter, and responds to signals to the computer to corre 
late the vertical position to the computer to compute 
the vertical position to the angular position of the heli 
cal gear. In this manner, as the cutter moves in an up 
and down stroke, the vertical part that reads the vertical 
position and feeds the signal to a rotating disc, that is 
mounted on the body that supports the cutter, and the 
signal from the vertical readout device and the signal 
from an angular position disc are fed into a computer 
that calculates and determines the angular position to 
provide the required helix angle. 
On the return stroke from the cutting stroke, the 

cutter again travels in a reverse angular rotation to 
maintain the cutter in the proper angular position. Nor 
mally, shaper cutters for helical gears are made with the 
angle tooth of the cutter, at the same angle as that of the 
gear, and as a result it has been necessary to have a 
special cutter for just about every angle within the 
limits of several degrees. The present arrangement of 
the angular program that controls the position of the 
shaper cutter with the ability to go back and return over 
the path at which it moves at an angle to generate the 
gear results in a shaper cutter that cuts helical gears 
without the use of cams and eliminates the down time 
required to take one cam out and put another one back, 
in order to change the angle. Furthermore, the present 
method and shaper cutters constructed in accordance 
therewith provides versatility to a family of cutters, that 
can be used for a large number of angles. 
The mechanical and electronic drive for making heli 

cal gears in the shaper cutter can be further simplified 
by unifying the workpiece and helix angle feed drives 
with the cutter drive system. Having the computer 
direct the rotational motion of workpiece and cutter 
enables the shaper cutter to calculate and direct the 
workpiece index rotation and cutter feed to provide the 
cutter rotation motion for index and helix angle with a 
single electronic drive. 

In the preferrrd embodiment of gear cutters designed 
in accordance with the present invention the power 
necessary to cut gears that is monitored and controlled 
in accordance with the invention, is measured and con 
trolled by measurement of the amperage required to 
drive the cutter. It will, of course, be recognized that 
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other methods of measuring and controlling power 
input to the cutter will occur to those skilled in the art, 
such as by torque force measurments and the like, all of 
which are contemplated in practicing the method of the 
present invention. In the case of the hob cutter, the 
amperage of the hob cutter that is required to drive the 
cutter at a constant speed, is monitored and controlled, 
whereas in the case of the shaper cutter, the power 
necessary to operate the motor at a constant speed to 
provide the reciprocal movement is monitored and 
controlled. 

Referring now to FIG. 1, reference character 20 
denotes a hobbing machine and control system for cut 
ting gears in accordance with the invention. The modi 
fied hobbing machine 22 includes a hob cutter 24 having 
a variable speed motor 26, a power supply 28 and con 
trol 30 is provided for driving hob shift for cutter 24. 
Control 30 is coupled to computer interface 34 via lead 
36 to control the operation of the cutter to millionths of 
a second as heretofore described. 
Power is provided for hob cutter 24 by an electrically 

driven motor 38, which similarly includes a control unit 
40 and power supply 42 coupled to computer interface 
34 via lead 44. A tachometer 46 is provided to deter 
mine the amount of hob shift utilized in the actuation of 
variable speed motor 38 and provide information to 
computer interface 34 via lead 48. Hob shift for cutter 
24 in combination with inputs from the tachometer 46 
and means for measuring and correlating power utilized 
in the cutting of the gear are modified in conjunction 
with feed rate as will hereinafter be described in greater 
detail to maintain the efficiency of the cutter. It will be 
recognized by those skilled in the art from the foregoing 
discussion that cutter speed and hob shift are also af. 
fected by cutter angle and also index and feed drive 
which are all preferably coupled with computer inter 
face 34. 
Hob cutter angle and hob cutter position with respect 

to blank gears 49 are controlled by drive means 50 and 
52 respectively. Drive means 50 which controls the 
angular position of hob cutter 24 includes a drive motor 
54, a power supply 56, and a control unit 58, which are 
connected to computer interface 34 by a lead 60. A 
tachometer 62 for providing computer interface 34 with 
the angular position of hob cutter 24 is also coupled 
with computer interface 34 via a lead 64. Similarly, the 
position of hob cutter 24 with respect to the center of 
gear blank 49 is controlled by drive means 52. Drive 
means 52 includes a motor 66 powered by a power 
supply 68 and a control unit 70. The control unit 70 is 
coupled to computer interface 34 via a lead 72, and a 
tachometer 74 for providing information to computer 
interface 34 as to the distance of hob cutter 24 is at 
tached to computer interface 34 via lead 78 to provide 
data to the computer for setting up and maintaining the 
proper distance of the hob cutter to the center of gear 
blank 49. In this manner, the proper angular position 
and distance of the hob cutter 24 with respect to gear 
blank 49 is controlled and correlated by measurements 
of tachometers 62 and 74 in conjunction with the vari 
able speed electrically driven motors 54 and 66. 

Referring now to FIGS. 1 and 2, the feed of the gear 
blank 49 in relation to hob cutter 24 is illustrated. The 
rapid feed drive 94 of gear blanks 49 provides a fast 
vertical movement of blanks 49 for movement along 
inclined plane 82 that includes a rapid travel motor 96, 
a control unit 98 which includes a motor and brake 
control for a standard electrical motor 96. A brake unit 

22 
98 is connected to motor and brake control 100 which is 
operatively connected to computer interface 34 via lead 
102 to provide, along with slow feed drive 80, informa 
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tion to computer interface 34 as to the vertical position 
of gear blank 49. Motor and brake control unit 100 is 
connected to computer interface 34 via lead 102. A 
tachometer and sensing device 101 for providing infor 
mation to control the position of inclined plane 82 is 
connected to computer interface 34 and is provided via 
lead 103. In operation slow feed drive 80 is generally 
utilized to operate inclined plane 82 by utilizing a motor 
84. Variable speed electric motor 84 includes a power 
supply 90 and a control 88 for controlling the feed of 
gear blanks 48 during the operation of the hob cutter. 
Control 88 is operatively connected to computer inter 
face 34 via lead 92 to allow the computer to control the 
operation of feed drive 80 in conjunction with the oper 
ation of hob cutter 24. 
An index drive 104 is provided for rotating the gear 

during the cutting operation to assist in the cutting of 
teeth on gear blank 49 which includes a variable speed 
electric motor, 106, a power supply 108 and a control 
unit 110 which is connected to computer interface 34 by 
a lead 112. Also interconnected between computer in 
terface 34 and hobbing machine 22 is a lead 114 which 
includes a length measuring means 116 for determining 
the thickness of the length d of the side faces of gear 
blank 48 and monitoring the position of the starting and 
finishing faces of gear blank 48 as it is cut by hob cutter 
24. 
Computer interface 34 is preferably associated with a 

computer 120 which includes a keyboard 122 to receive 
information from the operator of the hobbing machine 
as to the type of gear to be cut, and a printer 124 and a 
cathode ray tube 126 to provide the operator with infor 
mation as to machine set up, operation and the require 
ments of the machine such as for sharpening or replace 
ment of the hob cutter or errors in positioning the tail 
stock and spindle to the gear face. 

Referring now to FIGS. 3, 4, 5, 6, and 7, the com 
puter 120 may optionally include an audio indicator 122 
which may be a sonalart or speaker to provide an indi 
cation of errors resulting from improper machine opera 
tion. Computer interface 34 is associated with computer 
120 to receive inputs and control each of the axis here 
tofore discussed with reference to FIG. 1. For the pur 
poses of illustration, only one of the rotating axis con 
trol systems will be described, it will of course be under 
stood that each of the rotating axes may be similarly 
controlled. In computer interface 34 rotating axis con 
trol 130, rotating axis controller 134, and optical encod 
ers 136, and 138 are provided. The controller 134 may 
be any number of controllers available on the market 
and known to those in the computer art such as for 
example on 8030 controller manufactured by Aerotech, 
Inc. of Pittsburgh, Pa., motor (400) 137 with the serial 
loadcart (SL) 138 home control (EH) 130, voltage sup 
ply (SP) 140 and optical encoder 142 may all be compo 
nents from Aerotech, Inc. with the model numbers 
appearing in parentheses. Each optical encoder such asa 
optical encoder 142 in FIG. 2 is designed to interface 
with computer interface 34 via leads 144 and 146 to 
monitor and provide information to the computer inter 
face as to the progress of the gears being cut. 

In FIGS. 5 and 6, the components of the computer 
interface 34 are more fully illustrated. In FIG. 6 the 
level shifters, signal amplifiers, drive circuitry are more 
fully illustrated. It will be recognized that a general 
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purpose microprocessor of the type described are 
readily available on the market such as the PET model 
microcomputer manufactured by Commodore. A suit 
able computer interface includes an 8255 circuit such as 
manufactured by Commodore for each of the stepper 
motor controllers 134 and inputs from the control units 
30. d 

FIGS. 8 and 8A depict a general software which may 
be illustrated for the programming of the computer. 
The control system of the present invention may em 
ploy a tape or similar memory device to reproduce 
gears previously produced or calculate the set up for 
producing a new gear having the desired qualities by 
utilizing hobbing machines and the method of hobbing 
of the present invention. 

Referring now to FIG. 9, a hob cutter 158 further 
modified in accordance with the invention is illustrated 
wherein a plurality of hob cutters 160, 162, 164 and 166 
are mounted to a hob cutter ring 168. Hob cutter ring 
168 includes two disk like members 170 and 172 for 
axially positioning the plurality of hob cutters 160, 162, 
164, and 166 with respect to the workpiece. Once the 
hob cutter is in the proper axial position with respect to 
the workpiece as for example cutter 162, a cutter drive 
174 engages cutter 162 and monitors and controls 
power input and hob shift in conjuction with the num 
ber, type and material from which the gear is being cut 
as heretofore described in accordance with the inven 

"tion. 
... Hob ring 168 may be designed to fit into an existing 
'hob cutter 22 (FIG. 1) or a larger hob cutter frame 
designed to accomodate hob rings of various sizes. In 
the preferred embodiment of the hob cutter ring 168 
means is provided for adding or removing hob cutters at 
about the position of hob cutter 166. Cutters 160, 162, 
164 and 166 can be of the same size, where speed of 
production is required in cutting gears or may be of 
different sizes. The utilization of different sized cutters 

ion hob cutter ring 168 provides a more efficient hob 
ibing machine where more than one set of gears having 
a different size and number of teeth are to be cut on a 
gear blank. In such instances, the computer can be pro 
grammed to cut both sets of gears and, after the first set 
of gears are cut, the computer is programmed to direct 
the rotation of the ring to place a second cutter in 
contact with the gear blank to begin cutting the second 
set of teeth. 
FIG. 10 illustrates the application of the method of 

cutting gears to a shaper cutter designed in accordance 
with a preferred embodiment of the invention employ 
ing a variable speed cutter and power measuring servo 
controller. The shaper cutter, like hobbing machines 
designed in accordance with the invention, includes a 
variable speed electric motor 180, a power supply 182, 
and a servo-controller 184 similar to the one illustrated 
and described with reference to FIGS. 1 and 4. Control 
ler 184 provides for a variable rate of rotation of gear 
workpiece 186 in response to the type of teeth being cut 
by the shaper cutter, the machinability of the material of 
the gear blank and measurements of power utilized in 
the operation of cutter 188. The operation of the cutter 
188 of the shaper cutter forms teeth 190 on gear blank 
186 by a combination of the rotation and reciprocal 
motion imparted to teeth 192 on the cutter 188. The 
rotational component for teeth 192 is provided by vari 
able speed motor 194 which provides a controlled elec 
trically activated rotation of the shaper cutter assembly 
196. A variable power supply 198 and a control unit 200 
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provides means for varying and controlling the speed of 
rotation of cutter 188 within millionths of a second as 
heretofore described in reference to the invention. 
The combination of the relative speeds of rotation of 

cutter 188 and gear blank 186 and the axial motion of 
cutter 188 are employed to attain the desired helical 
angle for the gear blank. It will be recognized by those 
skilled in the art that when a zero helical angle is re 
quired gear blank 186 and cutter 188 are rotated at a 
coordinated speed such that gear blank 186 and cutter 
188 are rotated at the same speed where the diameter of 
cutter 188 and gear blank 186 are the same and modified 
where the diameters are different to provide the same 
relative motion. The control and coordination of con 
trol 200 for variable speed motor 194 and of control 184 
for variable speed motor 180 are controlled by com 
puter 120 through computer interface 34 to produce 
gears of a desired helical angle and of a preferred con 
figuration. 
The reciprocal motion of the shaper cutter 202 is 

provided by an electrically activated variable speed 
motor 204 including a power supply 206 and a control 
unit 208 for monitoring and measuring the power neces 
sary to provide reciprocal movement to cutter 188 of 
shaper cutter 202. It will now be recognized from the 
description of the present invention that as teeth 190 are 
cut on gear blank 186 teeth 192 on cutter 188 became 
dull and as a result more power is required to operate 
cutter 188 at the same efficiency. The amperage or 
power required to operate cutter 188 in conjunction 
with the helical angle, the number and depth of cutter 
starts and gear material along with comparative infor 
mation as to cutter power required when the cutter 188 
was new provides computer 120 with information from 
which to compute cutter sharpness. In addition, the 
variable power supply may be modified by the com 
puter to increase or decrease power and/or workpiece 
feed when necessary to compensate within predeter 
mined parameters the power necessary to maintain a 
uniform or predetermined cutter operation. In the pre 
ferred embodiment of the invention indexing is pro 
vided for within millionths of a second by the shaper 
cutter but reciprocal power is maintained at a predeter 
mined maximum and when the power required to oper 
ate the cutter reaches maximum amperage, the com 
puter issues instructions to replace or resharpen cutter 
188. 
The vertical position of cutter 188 with respect to 

gear blank 186 may be monitored in a variety of ways 
known to those skilled in the art. One method is to 
provide a tachometer 210 which may be mounted to a 
gear 212 in order to monitor the axial position of gear 
214 which is driven by variable speed motor 204. It will 
of course be recognized that one method of providing 
reciprocal motion of cutter 202 is though a crank arm in 
which the position of the shaper cutter can be sensed by 
the axial rotation of gear 214 by motor 204 in a rack 216 
associated to shaper cutter 202. 

In a manner similar to the one described with refer 
ence to the hobbing machine the tachometer 210 can 
monitor and transmit information as to the vertical 
position of the shaper cutter 202 to the computer inter 
face 34 via a lead 218. Similarly information to and from 
control units 184, 200 and 208 are connected to com 
puter interface 34 via leads 220, 222, and 224 respec 
tively. The operation and control of variable speed 
motors 180, 194, and 204 is correlated with information 
provided by tachometer 210, and the amperage moni 
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tored by control 208 and in conjunction with the infor 
mation as heretofore described allows teeth 190 to be 
cut on gear blank 186. The collection of the aforemen 
tioned information as to the actual cutting of the gear in 
conjunction with comparative information stored in the 
computer memory allows computer 120 operatively 
connected to computer interface 34 to correlate the 
power necessary to operate cutter 188 with the number 
and depth of teeth 190 being cut on workpiece 186 to 
provide gears of superior configuration. 

Referring now to FIG. 11 one form of a cutter power 
sensor circuit of a type known to those in the art is 
illustrated in which a Hall effect current sensor 230 is 
operatively connected to a cutter drive motor 232 
which may for example be an electrically controlled 
variable cutter drive speed motor such as 38 for hob 
cutter 24 of FIG. 1 or shaper cutter support 202 of FIG. 
10. Hall effect current sensor 230 is also operatively 
connected to a variable power supply 234 and an analog 
to digital converter 236 which is part of computer inter 
face 34 and which has as heretofore been described is 
operatively connected to computer 120. 
The shaper cutter designed in accordance with the 

invention allows a wide variety of gears to be con 
structed in accordance with the present invention such 
as internal gears, spur gears or gears with straight teeth. 
The set up and programming of the shaper cutter is 
similar to the set up of the hob cutter as heretofore 
described in relation to rotational axis control and mea 
suring devices for determining the position of the cutter 
in relation to the gear blank and the programming of the 
computer to determine the last position of the cutter to 
provide a more uniform gear by monitoring and con 
trolling power and cutter shift in relation to the material 
of the gear blank. 

In an alternative embodiment of the invention exist 
ing gear cutting machines can be conveniently con 
verted to provide the advantage of a computer con 
trolled gear cutter. It will be recognized that existing 
gear cutters such as hobbing machines and shaper cut 
ters can be modified by providing or converting the 
electric main motor into a variable speed motor and 
providing a means for measuring and varying the power 
utilized to drive the cutter. The index drive and feed 
drive is as has heretofore been described is indepen 
dently controlled with variable speed electric motors. 

It has been discovered that the modification of exist 
ing gear cutting machines may be modified to attain the 
advantages of the invention more readily by utilizing 
the main motor to drive the cutter and removing the 
linkages between the main motor and the index and feed 
drives and attaching variable speed electric motors to 
the shafts responsible for driving feed and index. A shaft 
encoder or pulse counter is then attached to the main 
motor to provide information to the computer as to the 
cutting position of the cutter so the variable speed feed 
and index motors may be varied to achieve or duplicate 
a predetermined calculated or actual optimal gear con 
figuration. It will be recognized that additional drives 
such as cutter shift may be driven from the main motor. 
In the preferred embodiment each of the additional 
drives are separately controlled so that greater control 
and accuracy in the cutting of the gear may be 
achieved. 
The benefits of the present invention are optimally 

achieved in modifying existing gear cutting machines 
by changing belt driven drives to a positive drive sys 
tem employing gears. Therefore in those existing ma 
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chines employing belts or hydraulic drives it is prefera 
ble to replace the existing drives with a geared drive 
from the main motor to eliminate errors due to belt 
slippage or time lags. A positive drive system in con 
junction with pulse readings from an encoder attached 
to the main motor shaft can then be utilized to provide 
the computer with information as to the cutting action 
of the cutter. It will be understood that the advantages 
of the invention could be achieved by attaching a shaft 
encoder directly to the cutter and thereby utilize exist 
ing belt or hydraulic drives to achieve the advantages of 
the invention. At the present state of the art it is prefera 
ble to attach the encoder to the main motor shaft in 
view of the limited number of pulses obtainable from 
the cutter compared with the greater number of pulses 
from the main electric motor due to differences in rota 
tional speed and the resolution of currently available 
encoders. 
The modification of existing gear cutters in accor 

dance with an alternative embodiment of the invention 
is achieved by utilizing the main motor to drive the 
cutter and providing variable speed electric motors to 
control feed and index rates. Existing shaper cutters and 
hobbing machines both with and without cutter shift 
capabilities can be readily modified by employing much 
the same principles that will first be discussed with 
reference to hobbing machines and then shaper cutters. 

Referring now to FIG. 12 a simplified diagrammatic 
top plan view of an existing hob machine is employed to 
illustrate a modification of an existihg hobbing machine 
in accordance with the invention. The hobbing machine 
control system 300 employs the existing main cutter 
motor 302 to drive hob cutter 304 disposed in hob cutter 
head 306. In the event the existing prior art hobbing 
machine includes a belt or hydraulic drive between the 
main motor and cutter, the existing drive is replaced by 
a gear drive by mounting a gear 308 on the drive shaft 
310 of main motor 302. A mating gear 312 is provided 
on input shaft 314 to the hob cutter 304 to provide a 
positive linkage between the hob cutter 304 and the 
drive shaft 310. A cutter shaft encoder 316 and Hall 
effect sensor (not shown) to measure power is mounted 
to drive shaft 310 to provide information to the com 
puter interface 318 via lead 320 as to the rotation of the 
cutter and main motor cutting power from which com 
puter 322 can utilize to compute and vary variable 
speed feed and index drives within millionths of a sec 
ond to maintain a predetermined cutting program. 

In existing hobbing machines the main cutter motor 
302 is generally an AC motor to which an available 
shaft encoder 316 such as for example, a Trump Ross 
Encoder No. SSO Model 2005LVF6B1 manufactured 
by Datametrics, Inc. can be mounted to the shaft of the 
main cutter motor. Computer 322 may be a commer 
cially available computer such as for example, a Rock 
well AIM 65 computer as is available on the market. It 
will be understood that other available computers may 
be employed to achieve the advantages of the invention 
and that more sophistocated computers with more func 
tions are contemplated when a number of drives are to 
be coordinated in relation to pulses received from shaft 
encoder 316. 
The mechanical linkages between the main cutter 

motor 302 and the feed and index drives are modified so 
that the change gears are replaced by variable speed 
electric motors to allow changes in feed and index 
drives in response to pulses received from main cutter 
motor 302 during the cutting of the gear. The feed of a 



4,663,721 
27 

gear blank 324 in relation to hob cutter 304 is provided 
by feed drive 326 for feeding workpiece 324 to hob 
cutter 304. The gear 328 for feed drive 326 in existing 
hobbing machines is utilized and driven by gear 330 
provided on a variable speed electric motor 332 which 
has been added to replace the traditional change gears. 
Variable speed electric motor 332 includes a controller 
334 and shaft encoder 336 which are connected to 
counters in computer interface 318 via a lead 338 to 
provide a two way electrical signal buffering between 
the computer 322 and the computer interface 318 elec 
tronics. 

In a similar manner, the index drive 340 utilizes an 
existing gear 342 to attach a variable speed electric 
motor 344 having a gear 346. Variable speed electric 
motor 344 like variable speed motor 332 replaces the 
change gears to provide the advantages of instanta 
neous correction in the cutting of gears by varying 
index drive and/or feed drive in response to pulses 
measured by encoder 316 and powe measurements from 
a Hall effect sensor and predetermined values necessary 
for the cutting of an ideal gear. Variable speed electric 
motor 344 includes a controller 348 and shaft encoder 
350 which are similarly connected to computer inter 
face 318 by a lead 352 to provide two way electrical 
signal buffering between the computer 322 and the 
computer interface 318. 
Computer interface 318 is associated with computer 

322 and preferably includes a keyboard 354 to receive 
operator inputs as a result of computer prompts dis 
played on the cathode ray tube 356 to receive and con 
firm information as to the type of gear being cut. The 
computer can be programmed to provide the operator 
with information as to machine set up, operation and the 
requirements of the machine such as for example, when 
the machine requires replacement or resharpening of 
the cutter or of errors in the positioning of the gear 
blanks. An optional printer 358 and recorder may be 
provided to print the information as to the set up of the 
machine or record the cutting conditions to allow for 
ease of duplication of the gear or cutting conditions for 
a future occasion. 
The controllers 334 and 348 may be of a number of 

types of controllers available on the market and known 
to those in the computer art such as for example, an 
8030 controller manufactured by Aerotech, Inc. of 
Pittsburgh Pa. Variable speed electric motors 344 and 
332 may also be obtained from Aerotech as motor (400) 
with a serial loadcart (SL) home control (EH) voltage 
supply (SP) and optical encoder which have been de 
scribed with the model numbers appearing in parenthe 
SS. 

In existing hobbing machines having hob shift capa 
bilities the hobbing machine may be further modified in 
accordance with the invention to provide the additional 
advantages resulting from varying hob shift by employ 
ing a further variable speed electric motor controlled by 
computer 322. In FIG. 12, the modification of an exist 
ing hobbing machine having hob shift capabilities is 
illustrated whcrein variable speed electric motor 360 is 
controlled by controller 362 and a shaft encoder 368 
which is connected to counters in the computer inter 
face 318 via a lead 370 to provide a two way electrical 
signal buffering between the computer 322 and the 
computer interface 318. 
A few existing gear cutting machines employ a rapid 

travel motor that may also be controlled by the con 
puter in accordance with the invention. An optional 
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rapid feed drive 372 for gear blank 324 is also illustrated 
in FIG. 12. The rapid feed drive 372 provides for a 
rapid travel of the gear blank 324 to hob cutter 304 to 
reduce set up time. In some hobbing machines the exist 
ing rapid travel motor 374 can be utilized by adding a 
control unit 376 which includes a motor and brake con 
trol for a standard AC motor. A motor and brake con 
trol unit 378 is operatively connected to counters in 
computer interface 318 via lead 380 to provide along 
with feed drive 326 information to the computer inter 
face 318 as to the vertical position of gear blank 324. A 
tachometer and sensing device 382 may be provided to 
provide information to coordinate and control the posi 
tion of the gear blank 324 with respect to hob cutter 
304. Tachometer and sensing device 382 is connected to 
counters in the computer interface 318 by lead 384 to 
provide a coordinated control of rapid and cutting feed 
drives. 

In some existing hobbing machines drives exist for 
changing hob cutter angle and hob cutter position with 
respect to the gear blanks. It will be understood that 
these additional drives may be controlled by the com 
puter as has been described with reference to FIG. 1 
and as will be hereinafter be partially discussed with 
respect to FIG. 13. 
The modification of an existing hobbing machine to 

achieve the advantages of the invention will now be 
discussed with reference to FIGS. 12, 13, 20, 22, 23 and 
24. In FIG. 13 an existing Cleveland type hobbing ma 
chine is illustrated that has been modified in accordance 
with the invention. Hobbing machine 400 utilizes exist 
ing main cutter motor 302 in which the pulleys and belts 
connecting motor shaft 310 with hob cutter shaft 314 
have been replaced by a gear 308 on shaft 310 and a gear 
312 on shaft 314 to provide a positive drive for hob 
cutter 304. An encoder 316 is mounted to shaft 310 to 
provide information to the computer as to the cutting 
progress of hob cutter 304 via lead 320. 
A Variable speed electric motor 332 replaces the 

change gears which were utilized to provide a fixed rate 
of feed in relation to the drive provided through link 
ages to main cutter motor 302. Variable speed electric 
motor 332 is attached to feed drive 326 for vertically 
feeding gear blanks placed on rotary table 402 with 
respect to cutter 304. Variable speed electric motor 332 
utilizes a controller 334 (Fig.12) and shaft encoder 336 
(FIG. 13) to provide information to computer 322 via 
a lead 338. 

In a similar manner a variable speed electric motor 
344 is mounted to index drive 340 in place of the tradi 
tional change gear linkage to the main motor 302 to 
rotate table 402. Variable speed electric motor 344 simi 
larly employs a controller 348 (FIG. 12) and shaft en 
coder 350 (FIG. 13) to provide information to computer 
322 via lead 352. The information provided by encoder 
316 as to the cutting position of cutter 304 allows com 
puter 322 to vary index and feed rates to maintain a 
predetermined cutting action by cutter 304 to produce 
gears of an improved configuration to more closely 
approach the calculated theoretical configuration. 
Hob cutting machine 400 includes a hob shift feature 

which may be conveniently utilized in a preferred em 
bodiment of the invention to further improve the accu 
racy of gears produced and increase hob cutter life. Hob 
cutter 304 is mounted in hob head 408 (FIG. 14) to 
provide axial shift in the direction of arrow 410 in re 
sponse to manual actuation by a handle (not shown) 
which has been replaced by a variable speed electric 
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motor 360 having a controller 362 (FIG. 12) and shaft 
encoder 368 (FIG. 14) to provide information to com 
puter interface 318 and computer 322 via lead 370. 
Computer 322 with this information plus the informa 
tion provided by encoder 316 along with the units of 5 
power measured by Hall effect sensors can vary feeds 
and index rates can utilize this information to provide 
for hob cutter shift when the rates of feed and index are 
reduced to a predetermined level due to the condition 
of the cutter. Once the cutter has a uniform predeter 
mined condition of wear the computer can issue instruc 
tions to sharpen the hob cutter. 
Hob cutting machine 400 utilize a rapid travel motor 

374 which also may be advantageously employed in 
accordance with the invention to reduce the amount of 15 
time necessary to set up hob cutting machine 400. Rapid 
travel motor 374 is attached to rapid feed drive 372 to 
more quickly set table 402 in a predetermined cutting 
position depending upon the thickness of the workpiece 
on table 402. A motor and brake control 378 is provided 
along with a shaft encoder 416 or a tachometer or sens 
ing device to provide information to computer 322 via 
ead 384. 
Center distance may be controlled in hobbing ma 

chine 400 to provide further advantages of the inven 
tion when combined with the advantages of computer 
control in accordance with the invention. Center dis 
tance control allows cutter 304 to be advanced toward 
the workpiece on table 402 in the direction of arrow 
406. This adjustment of the hob head 408 has been here 
tofore provided by a bolt head 418 at the end of bar 420 
to move hob head 408. In accordance with a preferred 
embodiment of the invention bar 420 is extended 
through the rear of the machine to allow the convenient 
attachment of a further variable speed electric motor 
419 having a similar controller 486 (FIG. 21) and shaft 
encoder 421 or position sensor 488 for providing infor 
mation to computer 322 via lead 422. In that manner 
information as to center distance can be utilized in both 
setting up the machine and in cutting the gear to pro 
duce gears of an optimal configuration. The control 
electronics for the additional functions of hob shift con 
trol, rapid travel, and center distance control will be 
discussed further hereinafter with reference to FIG. 21. 

Referring now to FIGS. 12, 15, 16, 20 and 21 the 
modification of a further type of hobbing machine will 
be discussed. Hobbing machine 426 is a type T Barber 
Coleman hobbing machine having a main cutter motor 
302 for turning hob cutter 304. A Hall effect sensor to 
measure power and an encoder 316 is added to the main 
motor shaft to provide information to computer 322 
through the computer interface (not shown) via lead 
320 in a manner that is similar to the modification of the 
Cleveland Hobbing Machine as has heretofore been 
discussed. 
The mechanical linkages between the main cutter 

motor 302 and the feed and index drives are also modi 
fied so that the change gears are replaced by variable 
speed electric motors to provide computer controlled 
variable rate drives in index and feed in response to 
power readings of the Hall effect sensor and pulses 
received from encoder 316 on main cutter motor 302 
during the cutting of the gear. In hobbing machines 426 
the feed of a gear blank supported on table 428 between 
table 428 and support 430 is provided by the horizontal 
travel of hobbing machine support table 432. Feed drive 
326 includes a gear 328 which is activated by a variable 
speed electric motor 332 which has been added to re 
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place the traditional change gears. Variable speed elec 
tric motor 332 utilizes a controller 334 (FIGS. 12 and 
20) and shaft encoder 336 (FIGS. 12, 16 and 21) which 
provides information to counters in the computer inter 
face via lead 338. 
A variable speed electric motor 344 is similarly em 

ployed to activate index drive and replace the tradi 
tional change gear linkage. It is possible to mount vari 
able speed electric motor 344 like variable speed elec 
tric motor 332 in change gear box. 434 on a index shaft 
that drives table 428. In the preferred modification of 
the invention variable speed electric motor 344 is 
mounted directly to existing gear 342 for driving shaft 
340. Variable speed electric motor 344 is adapted with a 
worm gear 436 instead of gear 346 which in some appli 
cations in modifying existing hobbing machines is pre 
ferred. Variable speed electric motor 344 similarly em 
ploys a controller 348 (FIGS. 12 and 21) and shaft en 
coder 350 to provide information to computer 322 
through the computer interface by lead 352. 

Hobbing machine 426 does not have an existing ad 
justment for hob shift control. Such prior art machines 
are modified to cut gears in accordance with the inven 
tion by modifying feed and index rates. At such time as 
these rates drop to a predetermined level the computer 
can be programmed to provide instructions to re 
sharpen the hob. 
Hobbing machine 426 has a center distance control 

which may be utilized to provide further advantages of 
the computer controlled machine of the invention. Cen 
ter distance control allows the table 428 and support 
arm 437 to be raised and lowered in guide 438 to control 
the center distance between the hob and the work piece 
in a manner similar to that described with respect to 
hobbing machine 400. Hobbing machine 426 was modi 
fied in accordance with the invention by adding a gear 
440 on existing shaft 442 and adding a variable speed 
motor 419 and worm gear 444 to turn shaft 442. Vari 
able speed electric motor 418 includes a controller and 
shaft encoder 421 or position sensor 488 (FIGS. 16 and 
21) for providing information to computer 322 through 
a computer interface counter via lead 422. The com 
puter program for the center distance control will be 
further discussed hereinafter with respect to FIG. 21. 
The modification of a Type D hobbing machine man 

ufactured by Barber Coleman will now be discussed 
with reference to FIGS. 12, 17, 18, 19 and 20. The 
modification of the type D Barber Coleman Hobbing 
machine is in many respects similar to the modification 
of the Barber Coleman type T hobbing machine as has 
heretofore been discussed. The major differences be 
tween the two machines is the type D includes a hob 
shift control and is a hydraulic machine that is modified 
in accordance with the invention. 
The modification of such machines includes wher 

ever possible the replacement of hydraulic drives with 
positive gear drives. The modification of hobbing ma 
chine 450 includes the utilization of the main cutter 
motor 302 by adding encoder 316 to provide informa 
tion to computer 322 through the computer interface 
318 via lead 320. In hobbing machine 450 feed drive for 
a gear blank supported on table 452 between table 452 
and support 454 is provided by the horizontal travel of 
hobbing machine support table 456. A variable speed 
electric motor is attached to feed drive 326 by a gear 
328 that is activated by variable speed electric motor 
332. Variable, speed electric motor 332 utilizes a con 
troller 334 (FIG. 21) and shaft encoder 336 (FIGS. 17 
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and 21) to provide information to counters in the com 
puter interface via lead 338. 
A second variable speed electric motor 344 is simi 

larly utilized to activate index drive. Variable speed 
electric motor 344 is mounted directly to an existing 
gear 342 for driving shaft 340. Variable speed electric 
motor 344 preferably employs a worm gear 436 to turn 
gear 342. Variable speed electric motor 344 similarly 
employs a controller 348 (FIG. 21) and shaft encoder 
350 (FIGS. 18 and 21) to provide information to the 
computer 322 though the computer interface 318 by 
lead 352. 
Hobbing machine 450 unlike hobbing machine 426 

employs hob shift which may be advantageously uti 
lized in accordance with a preferred embodiment of the 
invention. The modification of the hob shift of hob 
cutter 304 of head 456 includes the addition of a variable 
speed electric motor 360 having a controller 362 (FIG. 
21) and shaft encoder or position sensor 368 (FIGS. 19 
and 21) to provide information to computer 322 via lead 
370. Variable speed motor 360 utilizes a worm gear 458 
to activate a hob shift gear 460 to provide axial shift of 
the hob during gear cutting operation in response to 
variable information received by the computer as to the 
actual cutting rates of the variable speed feed and index 
feed and index drives. At such point in time that feed 
and index drives reach a predetermined rate the com 
puter can actuate variable speed electric motor 360 to 
shift the hob to maintain cutting efficiency. When hob 
shift has completed travel the computer can be pro 
grammed to issue instructions for sharpening the hob 
cutter. 

Hobbing machine 450 like hobbing machine 426 has a 
center distance control feature that may be advanta 
geously employed in accordance with the invention. 
The center distance control similarly allows arm 462 of 
machine 450 to be raised and lowered which is activated 
by the rotation of existing shaft 442. Shaft 442 is turned 
by gear 440 which is activated by variable speed electric 
motor 418. Variable speed electric motor 418 includes a 
controller 486 (FIG. 21) and shaft encoder or position 
sensor 488 (FIGS. 18 and 21) which provides informa 
tion to computer 322 through a computer interface 318 
counter via lead 433. The computer program for these 
additional features is illustrated in FIG. 21 and will be 
discussed hereinafter in greater detail. 

Referring now to FIGS. 12, 20, 22, 23 and 24 a simpli 
fied computer system will be described wherein pulses 
measured by encoder 316 and relayed to computer 322 
will be discussed. The hob control electronics operate 
as an electronic gearbox which allows for the selection 
of unlimited gear ratios between the cutter shaft and 
index shaft and between the cutter shaft and feed shaft 
during the cutting of the gear. The desired ratios are 
calculated before the cutting of the gear based on gear 
design data provided by the machine operator with the 
computer thereafter controlling the cutting operation 
by varying index and feed within parameters to main 
tain a predetermined cutting program. Machines modi 
fied in accordance with the invention can cut high qual 
ity spur, helical gears and splined shafts with set up time 
of less than ten minutes. 

Referring to FIG. 20 gear design data is entered into 
the computer 322 through the keyboard 354 in response 
to prompts appearing on the computer display 356. 
Input data correctness is verified by the operator by 
monitoring data on the display 356 and also by request 
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32 
ing a formatted data summary on an optional computer 
printer 358. 

After data entry and verification and upon operator 
request, the computer calculates the numeric quantities 
necessary for controlling index and feed motor veloci 
ties. In the RUN mode, the computer monitors the 
velocity of the cutter motor through buffer electronics 
480 through computer interface 318 which has been 
illustrated as computer interface 482 and computer in 
terface 484 in FIG. 20 which provides appropriate 
"outer loop' controls for the index and feed control 
loops. Preferably the motor control set 362 and 334 
controls, the DC motors 344 and 332 and the encoders 
368 and 336 are commercially available DC servo 
motor systems with self contained inner-loop control 
functions. 
The buffer electronics 480 network (FIG. 22 pro 

vides both one way and two way electrical signal buff 
ering between the computer 322 and the computer in 
terface electronics 482 and 484 and one way buffering 
between the cutter shaft encoder 316 and the computer 
322. 
The computer interface electronics networks 482 and 

484 provides pulse trains to the index control set 362 
and feed motor control set 334 and also receives and 
accumulates feed back pulses from the index 334 and 
feed shaft encoders 368 and 336 respectively. In FIG. 23 
the pulse trains are depicted in flow chart form. The 
pulse trains are preferably formed by employing a high 
speed frequency divider technique. An output pulse is 
generated and the counter is automatically reloaded 
from the register each time the output counter reaches 
zero. The counter operates at 20 mhz giving a pulse 
period resolution of 5 nanoseconds. The feedback pulse 
counter is sampled periodically by the computer at a 
rate determined by the cutter shaft velocity. A flow 
chart illustrating the logic and calculations in coordinat 
ing cutter shaft encoder impulses with feed and index is 
illustrated in FIG. 25. 
The computer software program is illustrated in FIG. 

24. Upon initial application of power, the computer 322 
enters the "monitor” mode and waits for a key or keys 
on keyboard 354 to be depressed. The operator nor 
mally selects a key sequence which takes the program 
to node B. A mode selection menu is displayed to the 
operator, and, on the first pass, the operator chooses the 
"input' mode. In response to a series of prompts the 
operator enters gear design data including present date, 
part number, cutter thread direction, workpiece normal 
diametral pitch, number of teeth, feed rate, height, helix 
angle and direction (if applicable). Data appears on the 
computer display for verification as it is being entered. 
When data input is completed, the program returns to 

the mode selection menu. The operator then chooses 
the "print" mode. The computer prints a formatted 
summary of the gear design data for the operator's 
perusal. 
Again the mode selection menu appears. This time 

the "auto mode' is chosen. The computer processes the 
input data and solves a series of trignometric equations 
to establish the constants necessary for the control 
mode. This processing terminates with an operator 
display prompt indicating the G key must be depressed 
to enter the control mode. 

After verifying that the workpiece and cutter are 
positioned correctly and the cutter shaft is rotating, the 
operator causes the computer to enter the control mode 
designated by node N in FIG. 24. The computer re 



4,663,721 
33 

sponds by sending a series of numbers to the pulse out 
put counters, the numbers arranged to gradually in 
crease the index and feed motor velocities to the desired 
rates. After waiting a few seconds for this to occur, the 
operator manually advances the cutter an appropriate 5 
distance to achieve the desired depth of cut. 

In the control mode the computer periodically sam 
ples the pulse counter from the cutter, index, and feed 
motor shaft encoders. As discussed in the equipment 
section above, the sample rate depends on the cutter 10 
shaft velocity. A sample period equal to the time re 
quired to accumulate 1000 cutter shaft pulses was se 
lected. This time period varies in length due to varia 
tions in the cutter shaft velocity, but is typically about 
25 milliseconds. After 1000 cutter pulses are counted, 15 
the computer reads the index and feedback counters. 
The differences between these count values and the 
value at the end of the previous sample period are the 
count values for the current period. These values are 
compared to the calculated desired value and errors are 20 
accumulated continuously. Cumulative error values are 
used to calculate correction factors for the output pulse 
generator to correct the index and feed motor velocities 
in the direction of zero cumulative error. 

Correction values for the pulse generators are com 
puted using "gain tables'. Rounded error values are 
used as indices to a table of values which are added or 
subtracted from the measured error values. This 
method is the basis for the stable and accurate motor 
control functions necessary to manufacture high quality 30 
gears and splines. During the control mode, instanta 
neous cumulative position errors are displayed to the 
operator. 

Following the error display update, the program 
checks for a key entry. If no keys are depressed, the 35 
program continues at X2 in FIG. 24. If "<" or ">" is 
depressed, the computer adjusts the error count. This 
causes the workpiece to process in the desired direction 
with respect to the cutter during subsequent adjust 
ments of the index rate. This enables the operator to 40 
align the workpiece semi-automatically if automatic 
operation is interrupted for any reason. If “I” or "F" is 
depressed, the selected error type is displayed on subse 
quent program cycles. If"S" is depressed, the computer 
gradually decreases the feed motor velocity bringing 45 
the feed to a complete halt. If "ESCAPE" (illustrated as 
ESC on FIG. 24) is depressed, both motors are halted 
gradually. If "R" is depressed and the feed was previ 
ously halted, the feed direction flag is reversed and the 
feed rate is gradually increased during subsequent pro- 50 
gram cycles until the desired rate is achieved. If the feed 
is not at rest when "R" is depressed, "R" is ignored. 

Feed motor pulse counts are accumulated and com 
pared to a predetermined value to identify the end of 
the present pass. When this occurs, the computer gradu- 55 
ally decreases the feed motor velocity to zero during 
subsequent program cycles while maintaining align 
ment between the workpiece index and the cutter. This 
eliminates the need for semi-automatic realignment 
prior to the next pass, which will be in the opposite 60 
direction. In addition to the normal control mode, for 
testing and examination purposes, open loop motor 
operation can be selected by depressing the F1 and F2 
keys. 
The advantages of the invention are increased where 65 

additional functions such as hob shift, center distance 
control, hob angle and a rapid feed motor is controlled 
by computer 322. These additional features reduce set 
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up time and increase the accuracy of gears produced by 
gear cutting machines modified and constructed in ac 
cordance with the invention. The mechanical steps that 
may be eliminated by incorporating additional drives in 
the computer program and machine are those steps 
heretofore required to set up hobbing machines. These 
set up steps which are performed in accordance with 
established hobbing practice are as follows: 

1. The workpiece must be properly positioned in the 
chuck and checked for concentricity. This is a manual 
operation. 

2. The cutter head must be rotated to the correct 
angle. This can be accomplished manually or under 
computer control. (See FIG. 21) 

3. The cutter must be advanced an appropriate dis 
tance to achieve the desired depth of cut. This may be 
accomplished manually or under computer control. 
(See FIG. 21) 

4. The table feed must be advanced an appropriate 
distance to position the workpiece for the cutting opera 
tion. This may be accomplished manually or under 
computer control. (See FIG. 21) 

5. If the machine has the continuous hob-shift feature, 
the axial position of the cutter must be initialized. This 
may be accomplished manually or under computer 
control. (see FIG. 21) 

Referring now to FIGS. 12-21 the control of the 
additional computer drives will be discussed. In FIG. 21 
the main cutter motor index and feed motors is illus 
trated with encoders to provide variable speed drives. 
Additional variable speed motors and sensors have been 
added to provide center distance control hob head rota 
tion and fast feed. Hob shift has already been described 
with respect to hobbing machines 400, and 450. Center 
distance control or cutter feed has been described in 
reference to hobbing machines 400, 426 and 450 in 
which electric motor 419 is controlled with a controller 
486 and shaft encoder or position sensor 488. In a simi 
lar manner a rapid travel or fast feed motor 374 can be 
utilized along with a controller 378 and a encoder or 
position sensor 416. A further drive may also be con 
nected to the computer to provide the advantages of the 
present invention. The computerized control of the hob 
angle resulting from the angular rotation of hob assem 
bly 490 (FIG. 13) or the angular rotation of hob plat 
form 492 on hob support table 432 (FIGS. 15 and 17) 
may be similarly controlled by an additional motor 494 
controlled by a controller 496 in which a position sensor 
498 provides information to computer 322 which can be 
used to calculate precise angles to reduce machine set 
up time and increase the quality of gears cut in accor 
dance with the invention. 

Referring now to FIGS. 20 and 26 the invention will 
now be further detailed to provide for the construction 
or modification of existing shaper cutter machines to 
provide the advantages of the present invention. In 
shaper cutters modified or constructed in accordance 
with this embodiment of the invention a main cutting 
motor 302 provides for the reciprocating action of 
shaper cutter 500. The shaper cutter motor 302 includes 
an optical encoder 560 or a Hall effect sensor 316 which 
provides information to computer interface 562 via lead 
564. 

In a manner analogous to the hobbing machine the 
shaper cutter provides feed and index drives that are 
controlled by variable speed electric motors to achieve 
the advantages of the invention. More particularly the 
index drive 506 is controlled by variable speed electric 
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motor 344 which is controlled by motor control set 362 
having a controller 348 and a encoder 350 that is con 
nected to computer interface 482 via lead 508. 
An analogous feed drive 507 for moving shaper cut 

ter 500 rotationally with respect to gear blanks 512 is 
provided. The feeding of the cutter 500 in relation to 
the gear blanks 512 is provided utilizing variable speed 
electric motor 332 along with a motor set control 334 
and an encoder 336 which provides information to com 
puter interface 484 as to the rate of feed via lead 524. 
The computer 322 from the information provided by 
sensor 316 and encoders 350 and 336 can vary index and 
feed rates in response to pulses received from encoder 
or sensor 316 and the vertical position sensor 570 which 
is connected to computer interface 572 via lead 574. 
The logic and flow charts described with reference to 
the control of the hobbing machine is utilized in the 
control of the shaper cutter. As a result FIGS. 22, 23, 24 
and 25 are fully applicable to the shaper cutter including 
the coordination of the drives of the shaper cutter. 

In existing shaper cutters having center distance con 
trol the present invention may be advantageously em 
ployed in much the same manner as center distance 
control in hobbing machines to obtain an improvement 
in the quality of gears produced. In FIG. 27 and 29 a 
further variable speed electric motor 360 with a motor 
control set 362 and an encoder 368 which provides 
information to the computer interface to monitor and 
control the center distance between cutter 500 and gear 
blanks placed upon table 502. The computer program 
utilized to provide cutter shift will be described herein 
after in greater detail with reference to FIG. 29. 
The advantages of an embodiment of the invention 

will be described in the modification of an existing 
shaper cutter in FIGS. 27-29. In FIGS. 27 and 28 a 
Barber Coleman type 6A shaper cutter 510 is illustrated 
in which the drive pulleys and belts between the main 
cutter motor 302 and the various feed and index drives 
have been replaced by a gear 514 on the motor shaft 516 
and a gear 518 on shaper cutter drive shaft 520. A Hall 
effect sensor 316 is attached to shaft 516 to provide 
information to computer 322 as to the cutting power 
required to drive cutter 500 so that variable speed elec 
tric motors attached to index and feed drives may be 
varied to maintain a predetermined cutting program. 

In the modification of existing shaper cutter machine 
510, existing index drive 506 is attached to variable 
speed electric motor 344 having a shaft endoder 350 and 
controller 348 in which lead 508 is connected to com 
puter 322 to control index drive as has heretofore been 
described. Feed drive 503 is similarly attached to vari 
able speed electric motor 332 having a controller 336 
and shaft encoder 334 which is connected to computer 
322 through counters in the computer interface 318 via 
lead 524. The computer 322 from the information pro 
vided by sensor 316 and encoders 350 and 334 and verti 
cal position sensor 570 can compute and vary feed or 
index within millionth's of a second to provide the ad 
vantages of the present invention. 

Vertical position sensor 570 can be either an optical 
encoder or a shaft encoder which can be mounted on a 
reciprocating portion 526 of shaper cutter assembly 528. 
In FIG. 26 sensor 570 is illustrated diagramatically as 
being associated with reciprocating portion 526 by the 
attachment of a rack 530 having a pinion 532 and an a 
relay 574 for providing information to computer inter 
face 318 on the position of the shaper cutter with re 
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spect to its highest and lowest points in its reciprocal 
travel. 
The operation of the logic system and control of the 

shaper cutter is similar to the control of the hobbing 
machine. The basic intelligence and control system for 
the shaper cutter is illustrated in FIGS. 20, 22, 23, 24, 25 
and 26. As indicated in FIG. 24, upon initial application 
of power, the computer enters the "monitor" mode and 
waits for a key or keys to be depressed. The operator 
normally selects a key sequence which takes the pro 
gram to node B. A mode selection menu is displayed to 
the operator. The operator chooses the "input' mode 
and, in response to a series of prompts, enters gear de 
sign data including present date, part number, number 
of cutter teeth, workpiece normal diametral pitch, num 
ber of teeth, feed rate and final tooth height, plus helix 
angle and direction (for helical gears only). Data ap 
pears on the computer display for verification as it is 
being entered. 
When data input is completed, the program returns to 

the mode selection menu. If the operator then chooses 
the print” mode, a formatted summary of the gear 
design data is printed. (printer is optional) 

After each sequence, the mode selection menu ap 
pears. When the "auto" mode is chosen, the computer 
processes the input data and solves a series of trigono 
metric equations to establish the constants necessary for 
the control mode. This processing terminates with an 
operator display prompt indicating the "G" key must be 
depressed to begin the gear cutting operation. 

In a manner similar to the set up of the hobbing ma 
chine certain procedures are generally followed in set 
ting up the shaper cutter machine. These procedures 
which are now mechanical can be computer controlled 
in accordance with the invention as will be discussed in 
greater detail with reference to FIG. 29. These set up 
operations are as follows: 

1. The workpiece must be properly positioned in the 
chuck and checked for concentricity and the proper 
cutter must be installed. These are manual operations. 

2. The cutter feed must be advanced an appropriate 
distance into position for the cutting operation. This 
may be accomplished manually or under computer 
control. (See FIG. 29) 

Following completion of the setup procedures, the 
operator commands the computer to enter the control 
mode, designated by node N in FIG. 24. The computer 
responds by sending a series of numeric values to the 
pulse output encoders which accelerate the cutter, 
index and feed motors to the desired rates and the cut 
ting operation begins. 
The preferred application of the present invention to 

shaper cutter machines designed and existing shaper 
cutter machines modified in accordance with the pres 
ent invention contemplates the control of feed, index, 
and center distance drives by computer 322. It will be 
recognized that computer control of all of the drives 
and mechanical set up of the machine not only reduces 
set up time and the possibility of error but also results in 
the production of stronger and quieter gears that ap 
proach the theoretical calculated values for the dimen 
sions of the gear. The various drives and a flow chart 
for the control of these additional drives is illustrated in 
FIG. 29 which is similar to the control for the hobbing 
machines. 
Shaper cutters produced or modified in accordance 

with a preferred embodiment are controlled by modify 
ing feed and index drives in response to a vertical posi 
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tion sensor or encoder 570 along with Hall effect sensor 
readings that provides information as to the position of 
shaper cutter 500 and the power required to drive cutter 
motor 302. Encoder 570 preferably is an encoder pro 
viding information as to the upper-most and lower-most 
position of the cutter with respect to the gear blank as 
represented by lines 540 and 542 in FIG. 29. This infor 
mation is provided to computer interface 318 and to 
buffer electronics in buffer 480 similar to the buffer 
electronics illustrated in FIG. 22. The information from 
buffer 480 is provided to computer 322 which also con 
tains a keyboard 354, a display 356 and an optional 
printer 358. 

Shaper cutter computer 322 is basically the same 
computer as the computer for the hobbing machine and 
provides two way communication with index motor 
344 through shaft encoder 350 and motor control set 
348 to vary index during the cutting of the gear. In a 
similar manner feed motor 332 includes a motor control 
set 336 and a shaft encoder 334 to provide a two way 
communication with computer 322 to allow feed and 
index drives to be controlled during the cutting of the 
gear as heretofore described. 
The present invention may be implemented in a vari 

ety of ways to achieve the benefits of the present inven 
tion. It will further be recognized by those skilled in the 
art that the present invention may be adapted to provide 
a wide variety of gears by utilizing traditional gear 
cutting machines and may be utilized in bevel gear 
cutting machinery and shaper cutters. The present in 
vention, it will be recognized, may be designed to pro 
vide for the production of helical gears in shaper cutters 
without the use of cams. The present method of gear 
cutting eliminates the change gears in hobbing ma 
chines, shaper cutters and the like and eliminates cams 
in shaper cutters while allowing gears of increased pre 
cision to be manufactured by utilizing variable speed 
electric motors to correlate and control the proper 
indexing operation of gear cutting machines within 
millionths of a second. Gear cutting machines con 
structed in accordance with the invention furthermore 
provide for increased production of optimally designed 
gears while reducing the time and error inherent in 
prior art techniques. The present invention for example, 
in application to operations involving the mass produc 
tion of gears significantly contributes to the accuracy 
and speed of production of improved gears. In small 
operations involving the production of specialty gears 
the invention significantly reduces set up time and the 
calculations necessary to cut desired gear so that typi 
cally 4 hours work can be done in one hour and work 
that heretofore required one day can be accomplished 
in about two hours. 
These and other advantages of the invention and the 

implementation of the invention in a variety of modes 
will occur to those of ordinary skill in the art in apply 
ing the advantages provided by the invention to hob 
bing machines, shaper cutters and bevel cutting equip 
ment. The present invention may furthermore be modi 
fied by utilizing a plurality of shaper cutters or shavers 
while achieving the benefits provided by the present 
invention. These and other modifications and applica 
tions of the present invention may be made within the 
spirit and scope of the invention as defined in the ap 
pended claims. 
What is claimed is: 
1. An apparatus for cutting gears of increased accu 

racy comprising: 
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(a) an electrically activated cutter including encoding 
means to provide pulses corresponding to informa 
tion on cutter speed; 

(b) a first electrically activated variable speed motor 
to provide feed and means for measuring units of 
power expended to provide feed drive for said 
gear; 

(c) a second electrically activated variable speed 
motor to provide index drive and means for mea 
suring units of power expended to provide index 
drive for said gear; 

(d) means for electronically comparing and correlat 
ing said units of power actually expended for feed 
drive and index drive with said pulses correspond 
ing to said information on cutter speed wherein 
said means for comparing and correlating includes 
predetermined units of power ideally or previously 
expended in cutting a gear of a predetermined de 
sign; and 

(e) means for electronically increasing or decreasing 
said units of power actually expended for said feed 
drive and index drive in response to said informa 
tion of cutter speed obtained from said encoding 
means to operate said cutter during the cutting of 
said gear and in response to electrically compared 
predetermined values of units of power required to 
duplicate said gear of a predetermined design. 

2. The apparatus for cutting gears of increased accu 
racy of claim 1 further comprising a third electrically 
activated motor on a center distance drive and wherein 
said means for electronically comparing and correlating 
includes information of center distance between the 
cutter and gear in conjunction with the units of power 
ideally or previously expended in the operation of said 
feed and index drives required to duplicate said gear of 
a predetermined design. 

3. The apparatus for cutting gears of increased accu 
racy of claim 2 further comprising a fourth electrically 
activated motor on a cutter shift drive to provide cutter 
shift and wherein said means for electronically compar 
ing and correlating includes information on the amount 
of cutter shift in conjunction with the units of power 
ideally or previously expended in the operation of said 
feed, index and center distance drives required to dupli 
cate said gear of a predetermined design. 

4. The apparatus for cutting gears of increased accu 
racy of claim 3 further comprising a fifth electrically 
activated motor on a drive for angularly adjusting the 
angle of the cutter with respect to the workpiece and an 
encoder to provide cutter angular position and wherein 
said means for electronically comparing and correlating 
includes information on angular position in conjunction 
with the units of power ideally or previously expended 
in the operation of said feed and index drives required to 
duplicate said gear of a predetermined design. 

5. The apparatus for cutting gears of increased accu 
racy of claim 4 further comprising means for measuring 
the number of cutter starts on said gear. 

6. A method of cutting gears to provide a gear tooth 
profile approaching the calculated profile comprising: 

(a) cutting a gear with an electrically activated cutter 
drive having sensor means for providing informa 
tion on cutter power, angular rotation or a combi 
nation thereof; 

(b) operating an electrically activated variable speed 
motor to provide feed drive and measuring units of 
angular rotation or power expended or a combina 
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tion thereof required to provide feed drive for said 
gear; 

(c) operating an electrically activated variable speed 
motor to provide index drive and measuring units 
of angular rotation or power expended or a combi 
nation thereof required to provide index drive for 
said gear; 

(d) electronically comparing and correlating said 
units of angular rotation or power or a combination 
thereof actually expended for cutter drive, feed 
drive and index drive with predetermined values of 
angular rotation or units of power or combination 
thereof ideally or previously required to cut a gear 
of a predetermined design; and 

(e) electronically increasing or decreasing said units 
of angular rotation or power. or a combination 
thereof actually expended for said feed drive and 
index drive or a combination thereof in response to 
information on cutter power, angular rotation or a 
combination thereof obtained during the cutting of 
the gear and in comparison to predetermined val 
ues for units of angular rotation or power or a 
combination thereof required to duplicate said 
ideal gear. 

7. A method of cutting gears to provide a gear tooth 
profile approaching the calculated profile of claim 6 
wherein said step of operating said electrically activated 
motors includes 

increasing or decreasing said angular rotation of said 
electrically activated variable speed motor to pro 
vide feed drive for an existing gear cutting machine 
and 

increasing or decreasing said angular rotation of said 
electrically activated variable speed motor to pro 
vide index drive for said existing gear cutting ma 
chine. m 

8. The method of cutting gears to provide a gear 
tooth profile approaching the calculated profile of claim 
7 further comprising the step of adding and operating a 
further electrically activated motor to provide a center 
distance control drive in an existing gear cutting ma 
chine and calculating, comparing and recording the 
center distance between the cutter and gear in conjunc 
tion with the angular rotation or units of power or a 
combination thereof ideally or previously expended in 
the operation of said feed drive, index drive, and center 
distance control drive and thereafter varying said feed, 
index, center distance control drive or a combination 
thereof to maintain said predetermined units of angular 
rotation or power or a combination thereof ideally or 
previously required to duplicate said ideal gear. 

9. The method of cutting gears to provide a gear 
tooth profile approaching the calculated profile of claim 
8 further comprising the step of adding and operating a 
further electrically activated motor on an existing gear 
cutting machine to provide cutter shift and calculating, 
comparing and recording the amount of cutter shift in 
conjunction with the angular rotation or units of power 
or a combination thereof ideally or previously expended 
in the operation of said feed, index, center distance 
control and cutter shift drives and thereafter varying 
said feed, index, center distance control drive and cutter 
shift or a combination thereof to maintain said predeter 
mined units of angular rotation or power or combina 
tion thereof required to duplicate said ideal gear. 

10. The method of cutting gears to provide a gear 
tooth profile approaching the calculated profile of claim 
9 further comprising the step of adding and operating a 
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further electrically activated motor on an existing gear 
cutting machine to provide angular cutter drive for 
angularly adjusting the cutter with respect to the work 
piece and calculating, comparing and recording angular 
position in conjunction with the angular rotation or 
units of power or a combination thereof ideally or pre 
viously expended in the operation of said feed, index, 
center distance control, cutter shift and angular cutter 
drives and thereafter varying said feed, index, center 
distance control, cutter shift and angular cutter drives 
or a combination thereof to maintain said predeter 
mined units of angular rotation or power or combina 
tion thereof required to duplicate said ideal gear. 

11. A shaper cutter machine comprising: 
(a) a main motor for driving the shaper cutter; 
(b) a speed sensing means for determining the amount 

of cutter angular displacement and providing infor 
mation on the shaper cutter speed resulting from 
driving said shaper cutter by said main motor; 

(c) a first variable speed electric motor for providing 
index drive to a workpiece and means for measur 
ing units of angular rotation or power expended or 
a combination thereof to provide index drive; 

(d) a second variable speed electric motor for provid 
ing feed drive for said shaper cutter and means for 
measuring units of angular rotation or power ex 
pended or a combination thereof to provide feed 
drive; 

(e) means for electronically comparing and correlat 
ing said units of power actually expended by said 
first variable speed electric motor and said second 
variable speed electric motor with said information 
on said shaper cutter speed wherein said means for 
electronically comparing and correlating includes 
predetermined units of power ideally or previously 
expended in cutting a gear of a predetermined de 
sign; and 

(f) control means for electronically increasing or 
decreasing the speed of said first variable speed 
electric motor or said second variable speed elec 
tric motor or a combination thereof in response to 
said speed sensing means to operate said main cut 
ter motor for driving said shaper cutter during the 
cutting of said gear and in response to electrically 
compared predetermined values of units of power 
required to duplicate said gear of a predetermined 
design. 

12. The shaper cutter machine of claim 11 further 
comprising a computer having a memory unit having 
predetermined values for cutter angular displacement 
or power or a combination thereof required to drive 
said cutter. 

13. The shaper cutter machine of claim 12 further 
comprising a third electrically activated variable speed 
motor for activating center distance drive in response to 
said computer. 

14. A gear cutting machine for cutting gears of in 
creased accuracy comprising: 

(a) a main electric motor for driving the gear cutter 
and means for providing pulses corresponding to 
the speed of said main electric motor; 

(b) a variable speed electric motor to provide index 
drive and means for measuring units of angular 
rotation or power expended or a combination 
thereof to provide index drive; 

(c) a variable speed electric motor to provide feed 
drive and means for measuring units of angular 
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rotation or power expended or a combination 
thereof to provide feed drive; 

(d) means for electronically comparing and correlat 
ing said units of power actually expended by said 
variable speed electric motor to provide index 
drive and said variable speed electric motor to 
provide feed drive with said pulses from said main 
electric motor wherein said means for electroni 
cally comparing and correlating includes predeter 
mined units of power ideally or previously ex 
pended in cutting a gear of a predetermined design; 
and 

(e) control means for electronically increasing or 
decreasing said units of power actually expended 
by said variable speed electric motor to provide 
index drive and said variable speed electric motor 
to provide feed drive in response to the pulses 
corresponding to the speed of said main electric 
motor during the cutting of said gear and in re 
sponse to electrically predetermined values of units 
of power required to duplicate a gear of a predeter 
mined design. 

15. The gear cutting machine for cutting gears of 
increased accuracy of claim 14 further comprising a 
variable speed cutter shift. 

16. The gear cutting machine for cutting gears of 
increased accuracy of claim 15 wherein said cutter shift 
is increased or decreased alone or in combination with 
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increases and decreases of said index drive and feed 
drive. 

17. The gear cutting machine for cutting gears of 
increased accuracy of claim 15 further comprising an 
electrically activated motor for adjusting center dis 
tance. 

18. The gear cutting machine for cutting gears of 
increased accuracy of claim 17 further comprising an 
electrically activated motor for providing rapid travel 
of the workpiece. 

19. The gear cutting machine for cutting gears of 
increased accuracy of clain 14 further comprising an 
electrically activated motor for adjusting the angle of 
the cutter relative to the workpiece. 

20. The gear cutting, machine for cutting gears of 
increased accuracy of claim 14 further comprising 
means for receiving and correlating gear cutter power 
pulse values utilized in the operation of said cutter in 
conjunction with the material of the gear blank and the 
size and number of teeth cut on the workpiece. 

21. The gear cutting machine for cutting gears of 
increased accuracy of claim 14 further comprising 
means for obtaining and monitoring measurements for 
the axial position of the side of the workpiece, the thick 
ness of the said workpiece and center distance of said 
workpiece. 
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